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PROSPECT OF MINERALOGY* 


M. A. Peacock, University of Toronto, Canada. 


On this occasion I might follow the usual course and devote most of 
this address to a review of recent developments in mineralogy, with 
emphasis on that part of the subject in which I have taken some part, 
and conclude with the hope that the good work may continue on similar 
lines. Such a course is suitable in the evolutionary periods of the develop- 
ment of a science when the extent of the field of study and its relations 
to adjoining fields appear to be well-defined and generally accepted; 
when the underlying theories of the subject have been consolidated into 
definite doctrine which no longer requires defense; when important 
discoveries are rare and observations lead mainly toward the refinement 
of existing knowledge; when methods of observation, description, clas- 
sification, and interpretation are established and further effort results 
chiefly in the improvement of numerical detail, systems of notation, and 
style of presentation; when comprehensive treatises can be compiled 
with deliberation and prospect of completeness; and when, as a conse- 
quence, scientific output can be fairly predicted as the product of trained 
men and working hours. 

But these lengthy periods of relatively placid scientific industry are 
occasionally interrupted by rude disturbances when the proper territory 
of a science and its boundaries with adjacent fields are subject to revision 
and dispute; when established theories are shaken by bold new hypoth- 
eses and speculations which are advanced on the one hand and rejected 
on the other; when every day brings new discoveries and there is no time 
for refined observations; when new instruments are devised, new nota- 
tions are improvised, and good form and polished style give way to rougher 
and readier modes of presentation; when the author of a comprehensive 
work is bedevilled by current changes of viewpoint and notation and an 
unceasing flood of new results which tend to make the first part of such a 
work out-of-date before the last has been prepared; and when steady 
satisfaction with accumulating scientific achievement on established 


* Address of the retiring President of the Mineralogical Society of America, delivered 
at the twenty-ninth annual meeting of the Society in New York City, November 12, 1948. 


135 


136 M. A. PEACOCK 


lines gives place to the occasional exhilaration of notable discoveries in 
the course of arduous efforts in new directions. In mineralogy we are at 
present in the midst of such a period of revolution, and at such a time 
the usual contented view of the past and cheerful look to the future will 
be of no great value. It will be more useful, I think, to attempt to survey 
the situation more widely, to try to assess the trend of the rapid new 
developments, and to endeavor to coordinate the new activities and re- 
sults with the old in a logical sequence. 

Before looking more closely at the present situation let us recall a 
former revolution in mineralogy which sprang from a single discovery 
in crystal physics, namely the double refraction of Iceland Spar and the 
use of this effect in the Nicol prism to make a polarizing microscope. At 
first, physicists developed the beautiful theory of crystal optics on the 
basis of the optical behaviour of natural crystals and crystal plates, 
providing for the first time a way of looking through a mineral and seeing, 
as it were ‘‘through a glass darkly,” not the actual crystal structure but 
certainly effects which are intimately related to the architecture of the 
crystal. Soon the mineralogists adopted the theory and methods of 
optical crystallography as their own; the optical properties of all the 
non-opaque minerals were eventually determined and with the note- 
worthy development of the immersion method for the approximate de- 
termination of optical properties on microscopic fragments, the fruits of 
this important development were incorporated in a serviceable method 
for the identification of minerals. At the same time the polarizing micro- 
scope gave rise to the study of rocks in thin sections and ores in polished 
surfaces, leading to the development of petrography and ore microscopy. 

When minerals are studied mainly in thin sections, or polished sur- 
faces, or crushed fragments there is some danger of never learning to 
know them in their proper crystal forms; he who has seen feldspar, pyrox- 
ene, epidote, pyrite, pyrrhotite or magnetite only in sections or grains, 
is like one who has seen a salmon only in the can. In the end, of course, 
mineralogy was greatly enriched by the methods and results of crystal 
optics, and optical mineralogy and mineralography have become 
smoothly incorporated in regular mineralogical doctrine. 

The latest revolution in mineralogical history, and I think without 
question the most profound, likewise originated with the discovery of a 
new physical effect obtained with a mineral crystal, namely the produc- 
tion of a regular diffraction pattern by the passage of a beam of «-rays 
through a crystal of zincblende on to a photographic plate. This time the 
new radiation fully illuminated the internal structure of the crystal. When 
suitable apparatus was devised and appropriate methods of measure- 
ment and mathematical treatment were worked out it was clear that the 
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result was no less than the determination of the actual atomic arrange- 
ment within the crystal. In the development of this subject the late Sir 
William Bragg and his son, now Sir Lawrence Bragg, our distinguished 
Roebling Medallist, played the leading part; and for about two decades 
after the initial experiment in 1912 the analysis of structures of ever 
increasing complexity was carried out, mainly on minerals, by the Braggs, 
their students, and their followers. Some details of this work have just 
been given by Dr. Tunell and Sir Lawrence at the luncheon table. 

Mineralogists as a body were slow to appreciate the full meaning of 
the new work; the symmetry notation used by the physicists was un- 
familiar, their lists of lattice planes seemed strange, and the complex 
arrangements of spheres in space appeared to have little relation to the 
familiar properties of minerals. So strong was the classical conception of 
an axial cross within a crystal, rather than a crystal lattice, that it took 
years before it was generally recognized that a properly chosen axial 
cross is nothing but the edges of the properly chosen unit cell of the 
structural lattice. Similarly it took time to realize that a crystal face is 
but the limiting plane of a set of equidistant planes traversing the entire 
crystal and that the indices of a crystal face are most conveniently de- 
fined as the numbers of parts into which the corresponding set of planes 
cuts the edges of the lattice cell. Mineralogists have been slow, too, to 
admit that the lattice type and even the space-group can often be recog- 
nized and reliably predicted from the development of the crystal forms. 

In the same way the belief in chemical composition in simple rational 
proportions has resulted in some reluctance to accept the often irrational 
numbers of atoms found in the unit cell by calculation from the chemical 
analysis, the cell volume, and the density. Isomorphous mutual substitu- 
tion between atoms of equal valence had already been recognized, but 
such substitution between atoms of unequal valence, notably silicon and 
aluminium, irrational cell contents by defect or vacant equipoints, and 
the distinct leaning away from simple rational proportions in many 
metallic minerals, are only now gaining wide acceptance. 

It is not surprising, therefore, that mineralogists have tended to treat 
the results of x-ray analysis as an appendix to classical mineralogy, 
rather as the treatment of space-lattices and space-groups used to be 
given as an appendix to classical crystallography. I think if we were to 
set out today to arrange the contents of a specific mineral description in 
the most logical way we would commence with the crystal structure, 
recognizing that the kinds and number of the atoms in the unit cell, the 
symmetry of their arrangement, and their particular positions and bond- 
ing must underlie and be capable of explaining all the remaining proper- 
ties of the mineral crystal. Such an arrangement would I believe soon 
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come to be accepted by mineralogists and it would also appeal to physi- 
cists, chemists, metallurgists, and others interested in natural crystalline 
materials. 

In considering the progress of science we cannot overlook the fact that 
the research of today is being done by the university graduates of yester- 
day, and that much of this research is usually accomplished in the period 
of special energy and enthusiasm and relative freedom from burdensome 
duties that rarely extends more than a decade after graduation. In 
mineralogy the question therefore is: Who shall teach our selected stu- 
dents the art of x-ray analysis with its formidable recent development of 
vector and electron density maps and computing devices, and where 
shall they apply the art to the analysis of mineral structures? 

In some mineralogical laboratories the determination of the symmetry, 
dimensions, and atomic content of the unit cell is already taught at the 
undergraduate level, and these first steps in «-ray analysis are regular 
procedure in mineralogical research. The preparation of standard x-ray 
powder patterns and the identification of minerals by means of such 
patterns, often on minute samples picked out of ore or rock sections, is 
also becoming standard practice. However, few teachers of mineralogy 
would be prepared to give a rigorous course on the physics of «-rays and 
x-ray diffraction by crystals, and the modern methods of x-ray analysis. 
The necessary basic instruction in these matters might be offered in a 
Physics Department or, in larger institutions, in a Department of Crys- 
tallography which would serve the needs of students of Physics, Chem- 
istry, Mineralogy, Metallurgy, and Biochemistry, all of whom have 
direct interest in the subject. 

The application of the art of x-ray analysis must clearly be done in 
mineralogical laboratories. Like the spectrograph and the microscope, 
x-ray diffraction equipment of the various useful kinds has its proper 
place in a mineralogical laboratory, and it is to be hoped that convenient 
devices for the measurement and calculation of the intensities of «-ray 
reflections may soon become more generally available. With these means 
the extension of «-ray analysis to such large groups of minerals as the 
sulfo-salts, the phosphates, and the arsenates offers a promising pro- 
gram of research for suitably prepared graduate students in years to 
come. 

In emphasizing the fundamental nature of crystal structure in miner- 
alogy and the propriety of applying structural methods to the whole 
field of mineralogy I would guard against using mineral crystals merely 
as grist for the roentgenographic mill. Rather would I urge the conserva- 
tion of the classical methods of mineralogical study and the preservation 
of the great body of accurate information which has been obtained by 
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the older methods. Today, already, the art of chemical analysis of min- 
erals is almost forgotten. How many competent chemical analysts are 
there today who for love or money will expend the skill and care that is 
needed to obtain the chemical composition of a mineral of average com- 
plexity, using perhaps a tenth of a gram of material? Very few indeed. 
There is great need for example and guidance in this matter, and this 
would be better provided in the university than in a commercial labora- 
tory. Again, the art of crystal measurement on the reflecting goniometer, 
projection, calculation, and drawing is still cultivated in only a few in- 
stitutions, and the latest books on crystallography give but the meagrest 
sketch of this important aspect of mineralogical study. Today, I think, a 
morphological study should accompany every study of structure to 
throw further light on the absorbing problem of the relation of crystal 
form to crystal structure. And yet again, with the wide use of the im- 
mersion method in optical mineralogy giving results that are good to 1 
or 2 units in the third decimal of refractive indices and 5 or 10 degrees 
in optic axial angle, the more exact methods of optical mineralogy using 
cut plates and wedges are almost forgotten. Typical exercises in these 
methods can be effectively introduced in undergraduate work. The pres- 
ervation of the results of such neglected methods of research might best 
be done by specialists who could prepare concise accounts of the theory 
and practice of a particular method and a critical compilation of the 
results, 

Finally, the reorientation of a science that results from a discovery of 
fundamental importance, is apt to be accompanied by some reconsidera- 
tion of its relation to kindred sciences and the redefinition of its proper 
field as distinct from its common territory with the adjoining sciences. 
Particular aspects of mineralogy are of interest to chemists, crystallog- 
raphers, geologists, miners, metallurgists, and others, who are usually 
concerned with the essential descriptive details of the commoner minerals 
and simple and effective means for identifying them. Mineralogists have 
a responsibility in this common territory that can be met by providing 
simplified mineralogies and determinative schemes which can be used 
without long study. 

Within this common territory, however, remains the proper field of 
mineralogy in which, as always, the principal interest is in the recogni- 
tion of all mineral species, the precise determination of their specific 
properties, and the arrangement of mineral species in a satisfactory 
classification. This is frankly descriptive natural science. I realize that 
this designation is sometimes applied with a hint of disparagement, 
suggesting that the qualifications required for its pursuit are not particu- 
larly high and that the results obtained are not particularly valuable. 
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This must remain a matter of opinion. The full study of a mineral species 
demands a fair equipment: some knowledge of classical and modern 
languages properly to appraise the history and synonymy of the species; 
a knowledge of the theory and practice of geometrical crystallography to 
measure a crystal on the reflecting goniometer, project the planes, select 
proper axes and elements, assign indices to the observed forms, calculate 
elements and angles, and construct a faithful drawing; a knowledge of 
the theory and practice of x-ray measurements and analysis to permit the 
determination of the space-group and the dimensions of the unit cell 
from single crystal photographs and, if necessary, to transform the 
results of the geometrical work to conform to the structural results; 
to prepare a properly indexed «-ray powder pattern for the mineral; to 
determine the atomic content using the specific gravity and the chemical 
composition; and in favourable cases to fix the parameters of all the 
atoms; a knowledge of the theory and practice of optical mineralogy to 
determine, in the case of a transparent mineral, the orientation of the 
optical ellipsoid with reference to the crystal axes, the values of the 
principal refractive indices, the optic axial angle, the optic sign, and the 
absorption, and the variation of these properties with wavelength; and 
in the case of an opaque mineral to determine the reflecting power, re- 
flection pleochroism, and anisotropism in polished surfaces under the 
reflecting polarizing microscope; to determine the hardness, the specific 
gravity, if necessary on a minute sample, and occasionally the magnetic 
and electric properties; and finally, or perhaps at the outset of the work, 
to discover the qualitative chemical composition of the mineral by dry 
and wet tests, perhaps aided by the spectrograph, and to prepare and 
analyze a clean sample to a summation that comes within one per cent 
of a hundred. If all this seems easy, do try it sometime. Whether it is 
worthwhile I shall not dispute. 

Next to this basic work, which is the mineralogist’s undivided business, 
comes the study of mineral associations and the concurrent laboratory 
research which seeks to reproduce single minerals or paragenetically 
related groups of minerals with a view to finding the physico-chemical 
conditions under which they may have formed in nature. Great as the 
importance of this work is, especially in relation to the origin of igneous 
rocks, pegmatites, and ore deposits, it must be granted that a precise 
knowledge of the properties of minerals themselves is a prerequisite for 
work upon their origin. 

What is the incentive for work in pure mineralogy? Nothing exalted, 
I fear: merely curiosity and delight in the Mineral Kingdom, an urge to 
observe all the properties of each species, be it common or rare, valuable 
or worthless, with equal precision, to record these observations in style 
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and form worthy of the elegance of Nature herself, and to bring out 
relationships that are clearly indicated by the facts of observation. 

Special interest and sometimes special pleasure attends the re-examina- 
tion of those many incompletely defined mineral substances which are 
relegated to the limbo of doubtful species in descriptive mineralogy. 
These ill-defined substances must be found to contain either nothing new 
or something new. With authentic material and better luck or better 
equipment than that of the original investigator it may prove that the 
doubtful substance is merely one or more known minerals, and if this is 
the result we have a useful clarification; or it may prove that the ill- 
defined material consists wholly or in part of a new species whose proper- 
ties can be completely ascertained. On a few occasions it has been my 
good fortune to bring one of these wanderers into the fold, and then 
I, at least, “rejoiced more of that sheep than of the ninety and nine that 
went not astray.” 

This, of course, is not the end of mineralogical research but rather the 
beginning. As I have indicated, the origin of minerals is of immediate 
interest to mineralogists. All branches of applied mineralogy are legiti- 
mate lines of research, but I am inclined to the view that success in these 
directions depends mainly on the facts of mineralogy and technology 
and the financial pressure of governments or business. Intensive work 
on one or another property of minerals, such as the structure, the mor- 
phology, or the optics, will yield information of great detail; but such 
work begins to lose touch with mineralogy when the interest centres 
more on the property than on the mineral. In this connection my wife 
has reminded me of the following story. ‘“‘Antaeus, the son of Terra, the 
Earth, was a mighty giant and wrestler whose strength was invincible 
so long as he remained in contact with his Mother Earth... Hercules 
encountered him, and finding that it was of no avail to throw him, for 
he always rose with renewed strength from every fall, he lifted him up 
from the earth and strangled him in the air.” Let us keep our feet on the 


ground and remain strong. 
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ABSTRACT 


The frequency of twin types and the handedness were determined for 1,179 crystals 
from six localities by the use of etch figures developed with hydrofluoric acid. It is shown 
that twinned quartz crystals are much more common than untwinned and that the fre- 
quencies of twin types and the ratios between twin types vary from locality to locality. 
It is suggested that crystals twinned according to both the Dauphiné and Brazil laws 
should be called ‘““Dauphiné-Brazil” twins rather than by the names that have been previ- 
ously applied. The local variations of twin ratios are thought to be a reflection of geologic 
environment. 


INTRODUCTION 


Some years ago while engaged in etch-figure work with the late Dr. 
A. P. Honess, it became desirable to etch and study a few low-quartz? 
crystals from two localities. The crystals from the first locality showed 
considerably more twinning than those from the second, although the 
unetched crystals gave no indication of any twinning. A search through 
the literature disclosed many articles on twinning in quartz but there 
were few statistical data on the frequency distribution of twin types and 
of right- and left-handed crystals. Further studies were made on addi- 
tional crystals from these two localities and from four others in order to 
determine the frequency of twin types for each locality and the frequency 
of right- and left-handed quartz crystals. Interest in this problem arose 
more from the geological implications than from the purely mineralogical 
aspects. 

The writer is indebted to the late Arthur P. Honess for an introduction 
to the etch method and for encouragement in this study. Thanks are 
extended to several former associates for gifts of certain crystals and for 


1 Published by permission of the Director, U. S. Geological Survey. 
* The term low-quartz refers, in this paper, to low-temperature quartz, that modifica- 
tion often called alpha and occasionally called beta which is stable below 573° C. 
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opportunities to discuss the problem. C. Wroe Wolfe kindly loaned his 
translation of Friedel’s Legons de Cristallographie and Siemon Muller 
certain Russian translations. Appreciation is expressed to I= De Don-= 
nay, D. M. Fraser, C. S. Hurlbut, Jr., Earl Ingerson, and R. B. Sosman 
for constructive criticism of the original manuscript, and to R. D. Butler 
for discussions about the phantom crystals. J. C. Wynn very kindly 
loaned his drawings of phantom crystals from Brazil. 

There is a voluminous literature on quartz but it is beyond the scope 
of this paper to review all of it. Many of the references are concerned 
with descriptions and study of quartz twins and twinning, the nature 
of the twin boundaries, quartz etch figures, vicinal faces, relations of form 
and twinning to temperature of formation, as well as geology and occur- 
rence. Among the many workers who prior to 1940 contributed to the 
study of quartz along these lines are Baumhauer, Bendrich, Bomer, 
Bond, Brauns, Des Cloiseaux, Drugman, Friedel, Gaudefroy, Gill, 
Goldschmidt, Heide, Hirschwald, Ichikawa, Kalb, Larsen, Leydolt, 
Martini, Meen, Meyer, Molengraaf, Miigge, Nacken, Niggli, Penfield, 
Rose, Sosman, Trommsdorf, Von Roth, Websky, Weiss, Wright, and 
Witteborg. Since 1940, because of the great war demand for quartz 
oscillator-plates in the radio industry, added impetus was given in the 
United States to the study of quartz and its twinning by the work of 
Armstrong, Bond, Frondel, Gordon, Hurlbut, Parrish, Stoiber, Willard, 
and others. No attempt will be made to cite all of the references; some 
are noted in recent papers by Frondel, Parrish, Hurlbut, Gordon and 
others.® 

Heide (1928) tabulates data for twenty-eight twin halves of Japanese 
twins from Saubach giving three with no twinning, fifteen twinned after 
the Dauphiné law, of which seven were left-handed and eight were right- 
handed, two after the Brazil law and eight after the Dauphiné-Brazil 
law. Trommsdorf (1937) examined 4,483 crystals from Villa Cristallina 
near Tres Capone, Brazil, and reported that 0.91 per cent were twinned 
according to the Brazil law. He also found that about half of those ex- 
amined were right-handed and half were left-handed. His results are 
markedly at variance with those of Hurlbut (1946) for Brazilian quartz. 

Thompson (1937) used the positions and striae on the s {1121} and 
« {5161} faces to determine handedness of 52 crystals from ten localities. 
He found that 24 were right-handed, thirteen were left-handed, and 
thirteen could not be identified. One Dauphiné twin and one Brazil twin 


3 Symposium on quartz oscillator-plates, Am. Mineral., 30, 205-468, nos. 5 and 6 (1945); 
also other numbers of the Am. Mineral.; see also Bell System Tech. Jour.; reports and in- 
formation circulars from the Office of the Chief Signal Officer, War Department; bulletins 
of the Fort Monmouth (Long Branch) Crystal Laboratories. 
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were found. However, Thompson had too few crystals for his data to be 
of statistical value. His method, while of interest to the mineral collector, 
is inadequate for a frequency study since only a small proportion of all 
quartz crystals have the s and « faces developed. Furthermore, in many 
cases it is not possible to determine the presence or absence of twinning 
from the development of these faces. 

Saparova (1938) reported that, of thirty crystals from Wermsdorf, 
nineteen were twinned; eighteen according to the Dauphiné law and one 
according to the Brazil law. 

Hurlbut (1946) gives some excellent data on the volume percentages 
of Dauphiné and Brazil twinning in quartz crystals from thirteen locali- 
ties in Brazil, two in Guatemala, and one in Colombia. His article is 
based on research to determine which localities would yield the best 
grade of oscillator-plate quartz. Hurlbut examined 52,000 wafers cut 
from 3,015 crystals and thus gives a quantitative viewpoint not ordinarily 
obtainable by those outside the quartz industry. Since he did not report 
the frequencies of twin types or twinned and untwinned crystals, his 
data cannot be directly compared with those presented below but there 
seem to be some relationships. Hurlbut’s data (p. 449, Table 3) shows 
differences in the volume percentages of twinning with greater differences 
among Brazilian, Colombian, and Guatemalan localities than among 
just Brazilian localities. This is brought out more strikingly by the yield 
of oscillator-plate blanks per pound than by the percentages of twinning, 
although, as Hurlbut points out, it is unfair in generalizing to say that 
Colombian and Guatemalan quartz are of lower grade (and thus in one 
sense more strongly twinned) than Brazilian quartz because of the 
limited quantities studied from the former localities. 

There is also quantitative information on high-quartz crystals. One 
of the more informative studies is Miigge’s (1892) on pyrogenic or rock- 
forming quartz including a number of euhedral high-quartz crystals from 
porphyries. 


Quartz Etcu FIcuRES 


Excellent discussions of etch figures of quartz are given by Leydolt, 
Miigge, Ichikawa, Nacken, Gill, Meyer, Penfield, and Bond. Honess 
(1927) has discussed the entire subject of etching very thoroughly. 

It is relatively easy to distinguish between right- and left-handed 
quartz by the use of etch figures (Meyer and Penfield, 1889) and, further- 
more, the etch figures for all faces of one form etched with the same 
solvent are quite distinctive from those of other forms. The fact that 


different solvents develop different etch figures on the same face is of no 
significance here. 
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Quartz can be etched by several solvents. Hydrofluoric acid has been 
the most widely used, although the quartz industry now uses a water 
solution of ammonium bifluoride (Parrish and Gordon, 1945) for safety 
reasons. Hydrofluoric acid was used in the present study. The etch figures 
produced by hydrofluoric acid on the rhombohedral faces r {1011} and 
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z {0111} are more or less triangular pits, the exact size and shape de- 
pending in part on the maturity of the pit (Honess, 1927, p. $2) ey Lhe 
typical pits on the m {1010} face are trapezoids. Etch figures produced 
by hydrofluoric acid on the r, 2, m, and s faces of quartz are shown sche- 
matically in Fig. 1. 

Quartz Twin Laws 


There are six known twin laws for low-quartz (Friedel, 1926), namely, 
Dauphiné, Brazil, Japanese, Esterel, Sardinian, and Breithaupt. In 
addition, there is a complex type of twinning which is a combination of 
the Dauphiné and Brazil laws and has been variously called Liebisch 
twinning, combined twinning, combined optical twinning, combined 
Dauphiné-Brazil twinning, and Dauphiné-Brazil twinning. Dauphiné, 
Brazil, and Dauphiné-Brazil twins are penetration twins and are the 
most common types. Although they are the only twin laws considered 
in this study, a summary of all the known twin laws of quartz is included. 


SUMMARY OF Twin LAWS OF QUARTZ 


Twin Com position 
ae? Axis Plane plane Remas ks 
Dauphiné [0001] irregular penetration twin; intergrowth 
(1010) of two right- or two left-handed 
individuals; rotation effect; 
common 
Brazil (1120) irregular penetration twin; intergrowth 
(1120) of a right- and a left-handed 
individual; reflection effect; 
common 
Dauphiné-Brazil. (0001) irregular complex penetration twin; in- 
Combined or Liebisch and tergrowth of a right- and a left- 
(1120) handed individual; rotation 
and reflection effect; common 
Japanese variable! (1122) contact twin; rare 
Esterel (1011) (1011) contact twin; rare 
Sardinian (1012) (1012) contact twin; rare 
Breithaupt (1121) (1121) contact twin; rare 


* Heide (1928) considers four “laws” for Japanese twins of which the common designa- 
tion (1122) is one “law.” 


Recognition of penetration twins is largely a matter of etching and 
observing the type and arrangement of the etch figures (Fig. 2). 
It is generally accepted that untwinned quartz is relatively uncommon 
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and that most crystals are twinned according to the Dauphiné law and 
the Brazil law (Booth and Sayers, 1939; Gordon, 1945; and others). 
Booth and Sayers also indicate that Dauphiné-Brazil (“combined’’) 
twinning is very common. i = 

In Dauphiné twinning, the r {1011} and z {0111} faces become coin- 
cident as if there were a 180° (or 60°) rotation of one part with respect to 
another about the c axis with the intergrowth of two right- or two left- 
handed individuals. This is electrical or orientational twinning. The 
boundaries between twin parts are irregular. Typical etch-figure patterns 
on the rhombohedral faces of Dauphiné twinned crystals are shown in 
Rigy2: 

Brazil twinning, also known as chiral or optical twinning, is the result 
of an intergrowth of a right- and a left-handed individual as if there had 
been a reflection across a second order prism. Thus a right r {1011} face 
becomes coincident with a left y {1011} face. Brazil twin boundaries are 
more regular than Dauphiné and in many cases are parallel to crystallo- 
graphic directions. Characteristic Brazil twin boundaries and etch-figure 
patterns on the rhombohedral faces are shown in Fig. 2. 

Internal twin boundaries of Dauphiné and Brazil twins in sections 
through the crystals are well illustrated and described by many workers; 
in recent years by Frondel (1945), Gordon (1945), Johnston and Butler 
(1946), Parrish and Gordon (1945), Willard (1944) and others. 

The Dauphiné-Brazil twin has been described for many years but does 
not seem to have acquired a name until recently. Leydolt (1855, pl. 4) 
gives an excellent illustration of this type of twinning in a basal section. 
Liebisch (1896) mentions it as one possible type of twin but applies 
no name. Lewis (1899) describes it as a possible composite crystal 
(‘“evo-dextrogyral twins B’’) and refers to amethyst crystals which sup- 
posedly show it. This complex twinning is pointed out in both editions 
of Weiss, Mineralogy (1902, 1929) and by Klockman (1923). Heide 
(1928) refers to Liebisch’s description and shows the symmetry of the 
twinned crystals schematically with etch-figure patterns. Heide’s discus- 
sion is one of the most complete. Gaudefroy (1933) also recognized this 
type of twinning. No mention of twinning of this type is made in Hintze’s 
Handbuch, in the 6th Edition of Dana’s System of Mineralogy (1892), in 
Zirkel’s Elemente der Mineralogie (1897), nor in Tutton’s Crystallography, 
(1922) 

The first name applied to this twinning was apparently given by Ivanoy 
and Shafranovsky (1938) who illustrate types of twinned crystals which 
they refer to as simple and complex Liebisch twins. Booth and Sayers 
(1939) describe and figure this same type of twinning but suggested the 
name “combined optical twinning.” Willard (1944) also describes and 


ae 
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figures such twinning and calls it ‘““combined twinning.” Thomas (1945) 
suggested “combined twinning” as a shorter form of “combined optical 
twinning.” Gordon (1945) and Frondel (1945) have also used the term 
“combined twinning” as have a few others. According to the illustration 
of Ivanov and Shafranovsky (1938), a simple Liebisch twin is a rigidly 
defined combination of both Dauphiné and Brazil twin-law effects in such 
a way that there is first an apparent rotation about the c axis (Dauphiné 
effect) and then there is an apparent reflection across a second order 
prism face (Brazil law effect). Thus in this simple twin a right r and a 
left z face become coincident (see Fig. 2) rather than a right r and a 
leftr as in a Brazil twin or a right r and a right z as in a Dauphiné twin. 
Descriptions and figures by Heide (1928) and the comments of others 
agree in principle with the above. 

This combination of the Dauphiné and Brazil laws is perhaps analo- 
gous to the complex albite-Carlsbad twin in the triclinic feldspars. There 
is, however, one difference. Because quartz is enantiomorphous, the 
twining action cannot be performed by a single operation as it can for 
the albite-Carlsbad twin. In the albite-Carlsbad twin the simplest form 
has only two parts (1 and 2’ of Winchell, 1933); part 1 is in the original 
position and part 2’ is ina position that can be obtained by two rotations, 
one corresponding to the albite law and one to the Carlsbad law. Simi- 
larly in the simple Dauphiné-Brazil twin there are two parts, one in the 
original position and the second obtained by a rotation combined with a 
reflection. Such dual Dauphiné-Brazil twins are uncommon in quartz. 
In most crystals twinned according to the complex Dauphiné-Brazil 
law, as observed in the present study, there are many parts so that any 
one part will have a Dauphiné twin relation to a second, a Brazil twin 
relation to a third, a Dauphiné-Brazil relation to a fourth. 

Typical Dauphiné-Brazil twin-law etch-figure patterns on the rhom- 
bohedral faces are shown in Fig. 2, which illustrates possible etch-figure 
patterns on rhombohedral faces where the Dauphiné effect appears on one 
face, the Brazil effect on a second face, and the Liebisch effect on a third 
face. Some of these variations have been noted. 

On the basis of date of publication, Ivanov and Shafranovsky’s name 
“Liebisch” should have precedence over the others. From the standpoint 
of usage, the term “combined twinning” seems well established and 
understood in the quartz oscillator-plate industry. Despite precedence 
and usage, it is suggested that this type of twinning in quartz should 
be called ‘“Dauphiné-Brazil twinning” just as the complex feldspar twin 
laws are named after their combinations. As crystals showing only a 
simple Dauphiné-Brazil twin pattern or “Liebisch” effect are rare, it may 


be desirable to drop the term “Liebisch.” 
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PROCEDURE 


All of the crystals used in this study possessed the trigonal symmetry 
of low-quartz. Groups of crystals were obtained from each locality 
without any selective sampling other than the requirement that each 
crystal have its terminal faces completely developed. The crystals were 
etched with hydrofluoric acid until the etch figures were sufficiently 
mature for recognition of outline and orientation. No attempt was made 
to control the time of etching or the concentration of the acid. After 
etching, the crystals were examined under a binocular microscope in 
reflected light and classified according to the twin laws indicated by the 
etch figure patterns (see Fig. 2). 

All observations were confined to the rhombohedral faces of crystals 
except in the case of those from Herkimer County, N. Y. This was neces- 
sary in most cases because of the lack of development of prism faces or 
because the prism faces were too striated or otherwise roughened for 
etching. In some cases, particularly with the Arkansas crystals, it was 
possible to trace twin boundaries from the rhombohedral faces to the 
adjacent prism faces. 


RESULTS AND DESCRIPTION OF MATERIAL 


A total of 1,179 crystals from six widely separated geographic locations 
and distinct geologic occurrences were examined. The statistical data 
are presented in Table 2. No distinction is made in the table between 
simple and complex Dauphiné-Brazil twinning. In classifying Brazil 
and Dauphiné-Brazil twins there is always the problem of whether they 
should be placed with right-handed or left-handed crystals, Only in a 
few instances was any difficulty experienced in determining which type 
of quartz was dominant in a crystal. It is generally obvious from visual 
inspection that one or the other is dominant. 

As others have pointed out, right- and left-handed quartz occur in 
about equal proportions in ‘‘untwinned”’ crystals as well as in Da- 
phiné twins. Brazil twins and Dauphiné-Brazil twins, with respect to the 
dominant handedness in each crystal, also show right- and left-handed 
quartz in about equal proportions. 

The relative frequency of untwinned and twinned crystals varies from 
place to place, and the relative frequency of the interpenetration twin 
laws also varies considerably. Accordingly, there is a determinable ratio 
between twin types for individual localities. For the total number 
of crystals studied, Dauphiné-Brazil twins are slightly more common 
than Dauphiné twins. Brazil twins are relatively uncommon. However, 
in the breakdown by localities, the relative frequencies, at any one oc- 
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currence show more variation. Actually, Dauphiné twins are more 
abundant in four of the six occurrences (Arkansas, Utah, Maryland, 
Alaska) than Dauphiné-Brazil twins. Brazil twins are more abundant 
than Dauphiné twins and nearly equal to Danphiné-Brazil twins at one 
locality (New York). Dauphiné twins are present at all localities but 
Brazil twins are lacking at three localities (Pennsylvania, Maryland, 
Alaska), Dauphiné-Brazil twins were not recognized at two localities 
(Utah and Maryland). 

An apparent correlation was noted, particularly for the Arkansas 
crystals, between the frequency and amount of twinning and the shape 
of the crystal. The more tapered crystals (candle-like habit) tend to show 
less twinning. Hurlbut (1946) shows this quantitatively in graphic form 
for Brazilian quartz. There is also a suggestion that individual crystals 
bearing the less common faces s {1122} and x {5161} are less strongly 
twinned than crystals carrying only the rhombohedral faces. 


ne, 3 


Arkansas crystals—Quartz crystals from Arkansas are well known and 
their occurrence and geology have been well described by Miser (1943) 
and Engel (1946). The material used in this study came from the Fisher 
mines about seven miles southeast of Mount Ida, Montgomery County, 
near the southwest end of the main district in western Arkansas (Engel 
Fig. 1, 1946). The crystals are singly terminated and range from 3/8 
inch to one inch in diameter and one inch to two inches in length. They 


belong to Engel’s simple type (p- 606, 1946). Most of them have clear 
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terminations with milky lower portions. None of the crystals reported in 
Table 1 showed any s or « faces. Typical twin boundaries on the rhom- 
bohedral faces of the Arkansas crystals are shown in Fig. 3. 

In addition to the Arkansas crystals reported in the table, a second 
group of 160 singly terminated crystals representing a number of Ar- 
kansas localities were also examined. It is a pleasure to thank Mr. Hugh 
D. Miser, U. S. Geological Survey, for the gift of these crystals. The 
crystals in this group are distinctive in that they all show the development 
of at least one x {5161} and one s {1121} face. The data for these crystals 
are not included in Table 2 because they do not represent one place but 
instead are samples from many localities. The frequencies of the twin 
laws are given in Table 1. 


TABLE 1. FREQUENCY OF Twin LAws IN ARKANSAS QUARTZ CRYSTALS 


Rnt*® Int Rd Ld Rb Lb Rdb Ldb 
Number 39 46 De, 16 13 15 5 4 
Per Cent 24 29 15 10 8 9 3 3 
(rounded off) 
Ratio (d:b:db) OE T OSES 


* R=right; L=left; nt=no twinning; d=Dauphiné; b=Brazil; db=Dauphiné- 
Brazil. 


This assemblage of crystals shows a greater proportion of untwinned 
crystals than do those lacking the « and s faces. This difference is largely 
at the expense of the Dauphiné twins. There is also a slight decrease in 
the total frequency of intergrowths of right- and left-handed individuals 
with the Dauphiné-Brazil twinning giving way to Brazil twinning. 

Pennsylvania crystals —There are a number of localities in Pennsyl- 
vania and Maryland where quartz crystals occur in soil overlying lime- 
stones. Presumably they are residual from the weathering of the lime- 
stones. The material described here came from a field underlain by Tren- 
ton limestone (Butts and Moore, 1936) just east of Lemont, Centre 
County. Quartz crystals were found also in the limestone and in calcite 
veins cutting the limestone. None of them, however, was as large as the 
largest crystals found in the soil. 


TABLE 2. FREQUENCY OF Twin Laws IN QuaARTZ CRYSTALS 


Locality Rit int ERO Ld aeRO DGD Ldb Total 
Arkansas 12 12 99 87 12 8 30 So 295 
q% Zou ea eBRGY PWeore Pei Dey iO ~ ahil.© 
Pennsylvania! 4 5 16 12 0 0 159 153 347 
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Tintic, Utah 69 65 16 > 3 0 0 0 168 
% Aw Suey ORS SID oS 0 0 

Herkimer Co., N.Y.? 14 13 1 2 3 2 3 6 44 
% 3128). 29.5 Ula: 4 ee Os Ome rao 6.8 13.6 

Maryland 9 12 7 10 0 0 0 0 38 
% RE SO UWS HOS © 0 0 0 

Alaska 0 0 30 40 0 0 Zl 20 111 
% 0 0 Dl SOnt 0 0 1Ssoueels 


Total right-handed or right-handed dominant 518 or 51.6% 
Total left-handed or left-handed dominant 485 or 48.4% 
*R=right; L=left; nt=no twinning; d=Dauphiné; b=Brazil; db=Dauphiné- 
Brazil. 
1 {2 additional crystals showed Rb at one end and Lb at the other. 
3 additional crystals showed Rnt at one end and Lnt at the other end. 
2 1 additional crystal showed Rnt at one end and Lnt at the other end. 


All of the crystals studied are doubly terminated with roughened and 
striated prism faces. Inclusions of dark materials, cavities, irregular 
growth habits and internal flaws are common to all crystals. They are not 
clear like the Herkimer County, New York, crystals. The crystals ex- 
amined are one-quarter inch to one inch in diameter and one-half inch 
to one and one-half inches long. Typical twin boundaries on the rhombo- 
hedral faces are shown in Fig. 4a. Figure 4b shows internal twinned parts. 

Utah crystals—The crystals were taken from a small drusy specimen 
collected in the Tintic district. Barite crystals were associated with the 
quartz crystals. The latter are small singly terminated crystals with a 
diameter of about one-eighth inch and a length of about three-eighth 
inch. 

New York Crystals—The material used in this study is typical of the 
well-known Herkimer County, New York, product. The crystals range 
from one-quarter inch to three-quarters inch in diameter and one-half 
inch to one and one-half inches in length. On all of these crystals it was 
possible to trace the external twin boundaries on the prism faces. The 
exact locality is unknown, but all are from the same general location. 

Maryland crystals—These crystals came from a small quartz vein in 
the Wissahickon formation near Baltimore. The crystals are about the 
same size as the Tintic, Utah, material and are singly terminated with 
only the rhombohedral faces developed. 

Alaska crystals—The Alaska crystals are from Glacier Basin, near 
Wrangell, Alaska. They occurred as drusy deposits with a comb-like 
structure in vugs or along the walls of quartz-fluorite breccia veins cutting 
a series of metamorphic rocks in the Coast Ranges. The geology and 


—— 
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veins are described by Gault, Rossman and Flint (1944a & b). The 
crystals are singly terminated with only the rhombohedral faces de- 
veloped. The bases of the terminations are one-eighth inch to one-half 
inch in diameter. Typical twin patterns are shown in Fig. 4c. 

The etch figures on these crystals indicate an unusual development of 
ther {1011} face over the z {0111} face (see Fig. 4c). Although low-quartz 
crystals are commonly malformed during growth, the trigonal symmetry 
of quartz is generally revealed by the unequal areas of the r and z faces, 
the z faces being much smaller. In these Alaskan crystals all six terminal 
rhombohedral faces are commonly present and generally are also nearly 
equal in size. Etching, however, shows that practically all of the rhombo- 
hedral faces belong to the plus or 7 form. In most cases the z face, where 
present, is a small, narrow band along one edge or the base of a face; in 
many cases it could not be recognized at all by etch figures. This locality 
is the only one herein considered where there is such an extreme pre- 
dominance of the face over the g face. 

No crystals were noted twinned only according to the Brazil law. In 
the crystals twinned according to the Dauphiné-Brazil complex law, the 
second enantiomorphous individual always made its appearance near the 
base of the rhombohedral faces and in practically all cases it was indi- 
cated by the coincidence of right- and left-handed r faces. 


DISCUSSION 


Some discussion of the procedure seems warranted to avoid criticism 
with regard to confining observations to the rhombohedral faces. It is 
obvious, of course, that where no prism faces were developed, no etch 
figures could be obtained for studying twin boundaries on the exterior 
of the crystals. Some twinning may have been overlooked by not study- 
ing the prism faces as thoroughly as the rhombohedral faces. However, 
further observations were made, where possible, on those crystals which 
showed no twinning on the rhombohedral faces to see if there were twin 
boundaries on the prism faces not extending to the rhombohedral faces. 
In some instances such boundaries were observed but not in enough 
cases to change noticeably the actual numbers of crystals and, even 
less, to change the ratios among twin types. 

Another comment which may be made is that this study has dealt 
thus far only with the exterior of the crystal and no consideration has 
been given to the interior. An approach to this question of interior twin- 
ning was made by taking 20 Arkansas crystals which showed no twin 
boundaries on the rhombohedral faces, cutting a basal section from each 
one slightly below the base of the termination, and etching the basal 
sections. Of the 20 sections, 12 showed no twinning at all. The other 8 
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crystals showed quite small irregular patches of twinning which were 
restricted to the very edges of the crystals but were not always recog- 
nizable on the prism faces. Four of these eight crystals each carried one 
small twinned part near the center of the section. Because these did not 
appear on the rhombohedral faces, it is suggested that some twinned 
parts were wholly internal, i.e. entirely surrounded by other quartz. 
Heide (1928) also suggested that material appearing as untwinned quartz 


Maryland 


Arkansas 


o NewYork 


Fic. 5 


in poorly developed crystals might actually be twinned elsewhere in the 
crystal. This suggestion is further substantiated by Hurlbut,* who, from 
his extensive experience in the quartz industry, says it is quite possible 
and frequently happens that twinned parts are entirely enclosed by other 
quartz and do not appear on the exterior of the crystal. Hurlbut’s work 
with so many thousands of wafers should be conclusive. 

Of the 20 crystals mentioned above, 40 per cent of those tested showed 
twinned parts which were not recognized on the rhombohedral faces. 
Although this is a considerable percentage of the so-called untwinned 
crystals, actually the distribution of these twins did not change the ratio 
of twin types. Thus, if there is any hesitancy in accepting the untwinned 
group as truly untwinned crystals, it can be disregarded and only the 
ratios of twin types accepted. On this basis, the approximate ratios of 
twin types for each locality are given below as derived from the relative 
frequencies in Table 2 (see also Fig. 5). 


4 Personal communication. 
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Ratios oF TWIn TyPEs 


Dauphiné Brazil Dauphiné-Brazil 
Arkansas 10 : ibeal : D2 
Pennsylvania 10 : 0.¢ : 110.0 
Utah 10 : 1.0 i 0.0 
New York 10 : ie@ ; 30.0 
Maryland 10 : 0.0 ; 0.0 
Alaska 10 : 0.0 : 6.0 


Practically, of course, the study of twin boundaries in quartz only at 
the surface of the crystals does not tell much about the extent of the 
twinned material within the crystal. Confining the observations to the 
rhombohedral faces limits this still more. However, it can be shown 
from the geometry of most of the crystals that the principal direction of 
growth was parallel to the c axis and probably on the rhombohedral 
faces. It is readily apparent that if, as a seed crystal grows, the rhomb 
faces are the areas of greatest deposition the crystal will become elongate 
parallel to the ¢ axis. In order to produce broad short crystals the rate 
of growth on the prism faces must be greater than on the rhomb faces. 
One indication of direction of growth is phantom crystals. Johnston and 
Butler (1946) figure a number of phantom crystals from Brazil and state 
(p. 639): 

The prismatic habit of quartz is reflected by the phantom relations—growth was 


usually pronounced along the ¢ axis after formation of the phantom even though the center 
of gravity in the basal planes conspicuously shifted. 


Their figures as well as other unpublished figures’ of phantom crystals 
from Brazil all show the rhomb faces as having a greater thickness of 
quartz in each phantom than do the corresponding prism faces.® 

In a general way, similar conditions of growth are inferred for the 
crystals described herein, all of which have their long dimension parallel 
to the c axis. Therefore, observations on the rhombohedral faces of these 
crystals should reflect the frequency and nature of twinning at the places 
of greatest deposition, at least during the last stage of growth of the 
crystals. The groups of so-called untwinned crystals should now take 
on more significance because they would indicate there was no twinning 
developing at that time. Unless there were radical changes in conditions 


5 The writer is indebted to Mr. J. C. Wynn for the opportunity to study a set of 100 
unpublished drawings of phantom crystals from Brazil. Johnston’s and Butler’s (1946) il- 
lustrations of phantoms are from this set. 

6 The problem of asymmetry of apices and direction of flow of solutions does not enter 
into this discussion (Newhouse, 1941; Bandy, 1942; Engel, 1946). The Brazilian crystals 
apparently have retained the asymmetry of the “seed” crystal of the phantoms throughout 


the growth of the phantoms. 
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of growth from early to late stages, the observations should perhaps be 
an indication of what would be found within the crystal. Even if there 
were radical changes from early to late stages, it seems reasonable to 
believe that they would have been in degree of controlling factors rather 
than in type. Where no twinning or only isolated patches of twinned 
quartz are exposed at the surface of the crystal, it does not seem probable 
that the interior of the crystal should show strong twinning with many 
parts. 

Because internal twinned parts are not taken into account, these data 
are not rigidly quantitative but rather they express a relative frequency 
of and ratio between twin types. If the materials described herein were 
studied along the lines applied by Hurlbut (1946), there might be no 
groups of untwinned crystals but such groups according to the present 
classification might show only very small volume percentages of twinned 
quartz. 

The ratios between twin types for each locality may be characteristic 
of different types of geologic occurrence. Frondel (1945) has stated that 
the relative development of Dauphiné and Brazil twinning varies widely 
as does the individual percentage of the twin types and that the type of 
occurrence seems to be a controlling factor in the relative development 
of twins. Hurlbut’s (1946) data, although given as volume percentages, 
indicate a difference in the amount of twinning from place to place. As 
Hurlbut points out, the correlation between percentage of twinning and 
yield of oscillator blanks per pound is far from perfect, but study of his 
data shows the yield from Brazilian localities to fall within certain - 
limits which are higher than the limits of the yield from other than 
Brazilian localities. The correlation of volume percentages of Dauphiné 
and Brazil twinned parts with locality is less obvious than for yield of 
blanks, but again all of the Brazilian localities fall within certain limits 
outside of which the volume percentages of the other localities lie. 

There is also a suggestion, albeit weak, that for a group of localities of 
similar origin there may be upper and lower limits for the volume per- 
centage of twinning as compared with other types of occurrences. Un- 
fortunately, Hurlbut could not list specific localities for security reasons, 
and so it is not possible to compare his Brazilian localities with the four 
major quartz belts in Brazil (Stoiber, Tolman, and Butler, 1945). Pos- 
sibly a closer correlation and narrower limits for each belt might be 
forthcoming. On the other hand, Campbell (1946) includes two of the 
quartz belts described by Stoiber in one type of geologic occurrence. It 
would appear that very broadly speaking all Brazilian localities are 
similar in origin and geologic occurrence and belong to a single genetic 
period (Kerr and Ericksen, 1942; Johnston and Butler, 1946, and 
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others). Where the frequencies of twin types for a number of localities 
fall within certain limits, these limits may be distinctive for deposits 
which have similar conditions of origin and geologic environment, but 
which are geographically distinct. Further study is needed to verify or 
refute this. Engel states (p. 608, 1946) that, although all correlation of 
occurrence and nature of optical twinning is speculative, it is known that 
the ratio of highly twinned to relatively untwinned quartz is fairly con- 
stant for a single deposit or group of related deposits. It varies consider- 
ably between localities in dissimilar country rock. 

The problem of the geological significance of variations of the fre- 
quency of twins and of the ratios between twin types is of considerable 
interest, but many additional observations and some experimental data 
are needed before any satisfactory conclusions can be drawn. The fre- 
quencies of twins and the ratios between twin types seem to be a re- 
flection of the mode of occurrence which will require the consideration of 
many environmental factors, in fact, more than can be resolved at pre- 
sent. Thus it is not possible to relate twin ratios and frequencies at this 
time to geological occurrence. Factors which probably exert an important 
influence are temperature, concentration, impurities, nature of the wall 
rock, rate of cooling and pressure. 

Temperature studies have been made to (1) determine whether the 
quartz crystallized as the high or low form (Miigge, 1907, 1921; Wright 
and Larsen, 1909) and (2) to distinguish temperature stages in types of 
low-quartz crystals (Maucher, 1914; Miigge, 1921; Kalb, 1933, 1935; 
Virovlyanski, 1938a, 19386). The criteria of the nature of twin boun- 
daries and their patterns for determining high- or low-quartz crystalliza- 
tion are becoming less and less applicable as a result of recent work 
(Frondel, 1945; Armstrong, 1946). Virovlyanski (19384@ and 6) and Engel 
(1946) found Kalb’s scheme (based on vicinal faces) unreliable. 

The influence of impurities on twinning in quartz has been pointed out 
recently by Zinserling (1941), Johnston and Butler (1946), and Arm- 
strong (1946). Two types of impurities are important; those incorporated 
in the crystals during its growth and those which settled out of suspension 
onto earlier growth planes. 


SUMMARY AND CONCLUSIONS 


There is a great need for further observation and experimentation 
before the geological significance of the frequency of twins and the ratios 
between twin types in quartz can be fully understood. Temperature 
measurements on inclusions similar to those reported by Newhouse 
(1933), Ingerson (1947), and Twenhofel (1947) would be very valuable. 
Further studies along that line are in progress for the crystals described 
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herein. Study of growth patterns and twinning in the various parts of 
phantom crystals may contribute much to the problem. 


There are, however, several well established points with respect to 


quartz twinning which can serve as a basis for future work. 


10. 


11. 


1s 


1. Twinned quartz crystals are much more common than untwinned crystals—in fact, 
untwinned crystals may be considered a rarity. 

2. Penetration twins are the most common type. Contact twins are rare. 

3. Crystals twinned according to both the Dauphiné and the Brazil Jaws should be 
called ‘“‘Dauphiné-Brazil” twins rather than “combined” twins. f 

4. Of the three types of penetration twins, those twinned according to the Dauphiné 
and Dauphiné-Brazil laws are as a rule more abundant than Brazil twins, partic- 
ularly the Dauphiné-Brazil. The excess is sometimes slight, sometimes overwhelm- 
ing. The common occurrence of Dauphiné-Brazil twins has not been fully recognized. 

5. Right- and left-handed quartz crystals are found to occur in equal proportions when 
a sufficient quantity of material is examined. Even in Brazil and Dauphiné-Brazil 
twins, though one handedness is dominant over the other in each crystal, those with 
right dominant are equal to those with left dominant. 

6. Dauphiné twin boundaries are irregular, whereas Brazil boundaries are more likely to 
be parallel to crystallographic planes. 

7. Crystals on which the less common faces of general forms are developed show less 
twinning than other crystals from the same locality. 

8. The relative frequency of the twin types varies considerably from locality to locality. 
These variations must surely be a reflection of the conditions of growth and geologic 
environment. 
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THE UNIT CELL AND SPACE GROUP OF LINDGRENITE 


Wi111aM H. Barnes, 
National Research Council, Ottawa, Ontario, Canada. 


ABSTRACT 


The unit cell constants and the space group of lindgrenite, 2CuMoO,: Cu(OH)s, have 
been determined by the Buerger precession method with the following results: a=5.613 A, 
b=14.03 A, c=5.405 A, 8=98°23’; a:b:c=0.4001:1:0.3852; Z=2; calculated den- 
sity =4.295 g./cc.; space group P2;/n. 


INTRODUCTION 


Lindgrenite, 2CuMoO;:Cu(OH)», was described by Professor Charles 
Palache in 1935 as monoclinic, a:6:¢=0.5941:1:0.5124, @=92°12’, 
specific gravity =4.26 (1). On the basis of 6 and ¢ axis zero level Weissen- 
berg photographs and three rotation photographs the dimensions of the 
unit cell were determined as a=8.45 A, b=14.03 A, c=7.04 A, B=922° 
and it was concluded that the most suitable structural axes were identical 
with the morphological axes. 

The present investigation was undertaken to verify the unit cell con- 
stants and to determine the space group as a preliminary step in a com- 
plete structure study. The unit cell and space group results are being 
reported at this time partly because the improved and more extensive 
data furnished by the precession method has led to a change in the axes 
most suitable for describing the structural unit and partly because of a 
change in laboratories and attendant delay in intensity measurements 
and computations. 

Crystals of lindgrenite were kindly supplied by Dr. Clifford Frondel 
from the same specimen which served for the original morphological 
study. 


X-Ray DATA AND RESULTS 


X-ray photographs of the zero and first two or three reciprocal lattice 
levels normal to the morphologically assigned a and b axes were taken 
with Professor M. J. Buerger’s precession instrument (2). Both copper 
(nickel foil filter) and molybdenum (zirconium oxide filter) radiations 
were employed. Cone axis photographs were used as a check on the iden- 
tity of the several levels photographed. The best of the zero level a and 
b axis photographs were measured with the instrument devised by Pro- 
fessor Buerger (3) for this purpose. 

Typical precession photographs are reproduced Inv Hgsal 23,04. Le 
central area of the plane nets characteristic of the zero, first and second 
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Fic. 2. Lindgrenite, a axis, first level (Mo) (c* horizontal) 
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Fic. 4. Lindgrenite, 5 axis, first level (Mo) (c¢* horizontal) 
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Fic. 5. 0,1,2 level reciprocal lattice nets shown by (upper row) b and (lower row) a 
axis precession photographs of lindgrenite. (Diffraction symbol (2/M)B(2;/c). 


Sy 


Fic. 6. Lindgrenite. Base of b-end centered cell (a, ¢, 8), full lines, and base of 
primitive cell (a’, c’, 8’), broken lines. 
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a and 6 axis levels are shown in Fig. 5, where the relative intensities of the 
diffraction spots on the photographs and extinctions not attributable to 
space group symmetry elements have been ignored. The center of each 
net is marked with a star and the intersection of the a axis with the b*c* 
nets of the first and second levels by a dot to the left of the center. The 
increasing off-set is due to the angle (90-8*) between a and a*. 

The directions of the b* and c* axes (b*c* nets, Fig. 5) are at 90° 
whereas the directions of the a* and c* axes (a*c* nets, Fig. 5) are not. 
This confirms the system as monoclinic. 

By inspection of the d*c* nets it is at once apparent that the direct 
cell as selected is 6-end centered. The doubled translation along b* in the 
zero level photograph indicates a 2; screw axis. The change from the 
rectangle-like a*c* zero level net to the diamond-like nets of the a*c* 
upper levels reveals a glide plane of component c/2 (or the equivalent 
a/2 since the cell is b-end centered). The a*c* nets are characterised by a 
center of symmetry only and the b*c* nets by two symmetry lines at 
right angles. The diffraction symmetry, therefore, is 2/m and the diffrac- 
tion symbol is (2/m) B(2;/c). 

Results for the reciprocal lattice spacings and 6* angle are shown in 
Table 1. Two zero level 6 axis films obtained from different crystals were 
measured. 


TABLE 1 
Precession dat ds* d* ge 
axis 
b 0.1853 = 0.2144 87°50’ 
b 0.1853 = 0.2142 87°43’ 
a = 0.1099 0.2144 <= 
average 0.1853 0.1099 0.2143 87°46’ 


Taking \ (CuKa) as 1.5418 A (4), the direct cell constants are 


a=1.5418/0.1853=8.321 A 
b=1.5418/0.1099 = 14.03 A 
ge tees A 
= (180—B*) =92°14’, 
ae (V) of the unit cell =adc sin B 
= 839.19 As 


With a specific gravity of 4.26, a formula weight (M) of 544. BUCS 
190.71; 2Mo, 191.90; 10 O, 160.00; 2H, 2.016) chemical atomic mass 
units soe using the density formula Qe = 1.6602 ZM/V, the number of 


formula units per cell, 
ye 4.26 X 839.19 Sts oes: 
1.6602 X 544.63 
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Fic, 7. Lindgrenite, new a axis, zero level (Mo) (new c* horizontal) 


Frc. 8. Lindgrenite, new a axis, first level (Mo) (new c* horizontal) 
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Fic. 10. Lindgrenite, } axis, first level (Mo) (new c* horizontal) 
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However, since the foregoing cell is monoclinic and b-end centered, a 
primitive, and hence more desirable structural cell can be obtained by 
adopting the directions of the diagonals of the ac parallelogram as new 
a and c axes while retaining the original } axis, as shown in Fig. 6, where 
the base of the original cell (a, c, 8) is represented by full lines and that of 
the new cell (a’, c’, 8’) by broken lines. 

From the numerical data for the original cell it is, of course, a simple 
matter to compute corresponding data for the new (primitive) cell. As a 


x A = Z| 


Fic. 11. 0, 1, 2 levels reciprocal lattice nets shown by (upper row) 6 and (lower row) 
a axis precession photographs of lindgrenite. 
(New orientation, diffraction symbol (2/M)P(2:/n). 


matter of interest in the precession camera, however, another lindgrenite 
crystal was mounted and precession photographs about the 0 axis (new 
orientation of a@ and ¢ axes) and the new a axis were obtained for the 
zero, first and second reciprocal lattice levels in each case. Some of these 
are reproduced in Figs. 7, 8, 9, 10. A diagram of the plane nets is shown 
in Fig. 11. Simple inspection confirms the cell as primitive; the a*c* 
nets indicate an m glide plane (component, a/2+c/2) perpendicular to 
b; the doubled translation along 6* in the b6*c* net of the a axis zero level 
again reveals the 2; screw axis along 6. The diffraction symmetry of the 
new cell, therefore, is 2/m, the diffraction symbol is (2/m) P(2i/n) and 
the space group is P2;/n. 

The constants of the new reciprocal lattice (obtained from direct 
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measurement of the zero level a and 6 axis films) are d,*=0.2747, &*= 
0.1096, d.* =0.2853, B* = 81°37’. 

The constants of the new cell derived by computation from the original 
unit and by direct measurement are listed in Table 2. 


TABLE 2 
New Cell 
Old Cell Sato rae 

Computed Observed { 
a 8.321A 5.604 A 5.613 A 
b 14.03 A 14.03 A 14.07 A 
c 7.195 A 5.393 A 5.405 A 
B 92°14’ 98°19’ 98°23’ 

a:btc 0.5931:1:0.5128 0.3994:1:0.3844 0.3989:1:0.3842 


} The values for a, 6, and c differ slightly from those reported at the 1947 meeting of 
The Crystallographic Society of America (5) because they have been recomputed from 
the measured values of d* in terms of the currently accepted Angstrém unit instead of the 
kX unit. 


The agreement between the observed and computed values for the 
unit cell dimensions demonstrates that results obtained with the preces- 
sion instrument are reproducible to 0.2% or 0.3% or better. 

A precision measurement of the 0 translation to be described in another 
communication shows that 14.03 A is the more probable value of 6. 
This makes a:b:c=0.4001:1:0.3852. The number of formula units per 
cell is 1.984~2 and the calculated density is 4.295 g./cc. 

The following transformation converts indices from the old to the 


new axes: 
Old New 


| 
| 
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SOME COMMENTS ON THE BUERGER PRECESSION 
METHOD FOR THE DETERMINATION OF UNIT 
CELL CONSTANTS AND SPACE GROUPS 


WILLIAM H. Barnes, 
National Research Council, Ottawa, Ontario, Canada. 


ABSTRACT 


Some comments on the effectiveness of the Buerger precession method and the method 
of de Jong and Bouman for unit cell and space group studies are made and certain practica] 
advantages of the former are pointed out. A test of the accuracy of unit cell dimensions 
based on measurement of precession films is described. The effect of decreasing precession 
angles for upper levels in shortening exposure times is illustrated. 


SOME COMMENTS ON THE BUERGER PRECESSION CAMERA 


The Buerger precession method (1, 2), like the method of de Jong and 
Bouman (3), gives enlarged, undistorted pictures of the central areas of 
the reciprocal lattice of a crystal. The spacings of the rows of points and 
the interaxial angles of the plane level nets are obtained directly by 
measurements on the films themselves and are converted readily into 
axial translations and interaxial angles in direct space. Simple inspection 
of the plane nets of zero level photographs and comparison with those of 
upper levels is all that is required to establish the diffraction symbol of the 
crystal; no tedious indexing, plotting, or reconstruction of the reciprocal 
lattice is required. For purposes of detailed structure investigations, both 
methods, of course, suffer from the fact that the back-reflection range is 
not covered. For the establishment of space groups and the determina- 
tion of unit cell constants to an ordinarily acceptable degree of accuracy, 
however, the Buerger precession camera and the de Jong-Bouman in- 
strument are ideally suited; in certain respects, such as speed and absence 
of ambiguity, they are supericr to other methods. 

Although both de Jong-Bouman and Buerger precession films share the 
same desirable feature of undistorted reproduction of reciprocal lattice 
levels, the precession camera has certain advantages in practice. One of 
these is due to the relationship between the rotation axis of the gonio- 
meter head and the crystal axis normal to the reciprocal lattice level to be 
photographed. In the de Jong-Bouman instrument, as in simple rotating 
crystal and in Weissenberg cameras, the two coincide whereas they are at 
right angles to each other in the precession instrument. Thus in the de 
Jong-Bouman method the crystal must be reoriented (which usually in- 
volves remounting) on the goniometer head for a survey of the reciprocal 
lattice levels normal to a second crystallographic axis. Thus at least two 
mountings and orientations of a given crystal usually are required for a 
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complete unit cell and space group study. If the crystal lacks suitable 
faces for use on a two-circle reflecting goniometer, as in the case of a 
broken fragment, this may be very time-consuming and, in extreme cases, 
become a frustrating “trial and error” procedure. With the precession in- 
strument, however, the precession axis is at right angles to that axis of the 
goniometer head which coincides with the rotation axis in other in- 
struments and provision is made for locking the crystal in any angular 
position around this axis of the goniometer head. Levels normal to two 
precession axes, therefore, can be examined without remounting the 
crystal. This is particularly valuable in the case of crystals belonging to 
the cubic, tetragonal, orthorhombic, monoclinic, and hexagonal systems. 
Furthermore, as Professor Buerger has pointed out (2), if a small preces- 
sion angle is employed, preferably without filter or layer-line screen, even 
the single orientation normally required can be effected solely by preces- 
sion photographs. 

Another useful consequence of the fact that the precession axis is at 
right angles to the axis of the goniometer head is that, with the usual 
precession angle of 20°, the axis of the goniometer head during precession 
makes a minimum angle of 70° with that of the pin-hole system. Thus 
there is ample clearance for the usual type of precision goniometer head 
with screw-adjustable arcs and lateral translations. On the other hand, 
this angle is reduced to 45° for the zero level in the most useful form of the 
de Jong-Bouman method (equal-cone with cone angle of 45°) which does 
not permit use of the usual size head with graduated arcs. Less bulky de- 
vices in which a ball-and-socket joint replaces the arcs and a sliding plane 
replaces the sledge motions (1, p. 184) can be employed, but only if ac- 
curate orientation of the crystal is possible by optical methods. The 
difficulty disappears for upper levels because the angle between the axis 
of the goniometer head (rotation axis) and that of the pin-hole system in- 
creases for constant cone angle and increasing height of level. Selection 
of a smaller cone angle to permit use of the larger head for the zero level, 
however, causes a rapid increase in the circular blank area in the center of 
the photographs of the first few upper levels (maximum when the height 
of the level equals the sine of the cone angle) and these are the ones that 
require shorter exposure times and hence are the most desirable to use. 

Finally, it may be noted that exposure times for a specific reciprocal 
lattice level of a given crystal generally are longer with the de Jong- 
Bouman than they are with the precession camera. 


THe ACCURACY OF THE PRECESSION METHOD 


On several occasions doubts have been expressed regarding the ac- 
curacy with which unit cell dimensions can be obtained from measure- 
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ments of precession films as compared with other types such as Weissen- 
berg photographs. Detailed data given in a recent communication (4) on 
the determination of the unit cell constants of probertite show that zero 
level photographs obtained with the rigid zero level cassette of the preces- 
Sion camera warrant use of the special measuring device developed by 


Fic. 1. Precision back-reflection Weissenberg photograph of lindgrenite. (Reflections 
from (010) lie on the central (symmetry) line). 


Professor Buerger (5) that enables linear measurements to be made to 
0.05 mm. and angular measurements to 5 minutes of arc. Results ob- 
tained during a recent investigation (6) of the unit cell dimensions of 
lindgrenite indicate a reproducibility of such constants to better than 
0.2% or 0.3%, which compares favourably with other methods other 
than those designed specifically for very high precision. 
As a test of the absolute accuracy of the precession method the length 
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of the 6 axis of lindgrenite was determined with Professor M. J. Buerger’s 
precision back-reflection Weissenberg camera (1, chap. 2A) EGA previous 
study (6) by the precession method had given 14.03 A and 14.07 A for 
this translation from two sets of films from separate crystals. Preliminary 
calculations for a large number of possible target materials showed that 
spots due to nine reflections (wA= 2061, 18a, 18a1, 1861, 16a2, 16a1, 1681, 
14a, 14a,) from (010) were potentially recordable within the limited 
range of the precision Weissenberg using unfiltered copper radiation. Two 
photographs of the same crystal were obtained using a modified Hadding 
gas tube and a Philips diffraction unit, respectively. They will be re- 
ferred to as film 1 and film 2. The latter is reproduced in Fig. 1 and it will 
be observed that the shapes of the spots are not ideal for maximum pre- 
cision of measurement. They are due to the tabular shape of the crystal 
fragment resulting from the fact that lindgrenite has perfect (010) 
cleavage. The films are sufficiently good, however, for the present pur- 
pose. The separation (F) of equivalent spots along a direction normal to 
the center line of the photographs was measured to 0.05 mm. Computa- 
tions were made as described by Buerger (1, chap. 21) and based on the 
relations d=(nd/2)/cos (F/4) and sin? (90° —6) =sin? (F/4). The follow- 
ing values (7) for \ were employed: CuKay, 1.54434 A; CuKay, 1.54050 
A; CuK§y, 1.39217 A. Results are shown in Table 1. 


TABLE 1 

{ 
Ga ie 1 i Film 2 
Ds F(mm.) d(A) sin? (90°—6) | F(mm.) d(A) sin? (90°—6) 
2081 28.45 14.0298 0.015349 28.72 14.0317 0.015622 
18a (absent) Sil Sy 14.0316 0.018796 
18a1 35.30 14.0309 0.023581 SONo2 14.0308 0.023563 
188; (absent) (absent) 
16a 113.00 14.0253 0.22403 PSAO7 14.0276 0.22429 
16a; 114.10 14.0278 0.22817 114.07 14.0257 0.22793 
168; 149.65 14.0227 0.36919 149.82 14.0299 0.36983 
l4az 158235 14.0267 0.40602 158.27 14.0235 0.40575 
14a, 158.95 14.0223 0.40860 158.88 14.0196 0.40837 


It will be observed that the spot due to 186, was not recorded on either 
film and that the one due to 18a appeared only on film 2 which was given 
a longer exposure than film 1. The results tabulated for film 2 are the 
averages for three measurements made at different times. Corresponding 
values of F for the two films are in good agreement except for the spots 
due to 206; and 166;. The difference (0.27 mm.) in the case of the 206; 
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spots is serious from the point of view of very high precision because 
points in this region, where sin? (90° — 8) approaches zero, have the great- 
est weight in determining the final value of d. For this reason, data for 
the two films have been plotted separately in Fig. 2, those for film 1 being 
represented by circles and those for film 2 by crosses. The scatter of points 
at higher values of sin? (90° —6) is not as serious as it appears on the scale 
to which Fig. 2 has been drawn. For example, in the region of sin? 
(90° —6) =0.408 an error of 0.10 mm. in F leads to a difference of about 
0.005 A in the value of d and F is the difference between two measure- 
ments each of which is made only to the nearest 0.05 mm. In view of 
these factors, and particularly the discrepancy in the values for 2061, the 
results for d at sin? (90°—6) =0, namely, 14.0309 A and 14.0317 A, are in 
reasonable agreement. The average, d= 14.031 A, probably is accurate to 
one or two units in the third decimal place. It certainly justifies the as- 
sumption that the absolute accuracy of results obtained by the precession 
method is as good as their reproducibility, namely, 0.2% to 0.3% or 
better. 


THE EFFECT ON EXPOSURE TIME OF DECREASING THE 
PRECESSION ANGLE 


Precession photographs of a given crystal require much shorter ex- 
posures than do Weissenberg photographs of the same level and they can 
be reduced still further by decreasing the precession angle. For the zero 
level it is desirable to record as much of the net as the 5” X 5” film will per- 
mit because measurements of row spacings and interaxial angles are best 
carried out on these pictures. The useful range of crystal-to-film distance _ 
(i.e., the magnification factor, F) is about 4.50 cm. to 7.50 cm. so that 
6.00 cm. is a convenient setting; with this distance a precession angle of 
20° is very satisfactory. Exposure times in general increase for upper 
levels and, if the precession angle remains constant, an unrecordably large 
area of the reciprocal lattice level may cut through the sphere of reflection 
during precession. The exposure time, therefore, can profitably be re- 
duced by decreasing the angle of precession. Unfortunately in upper level 
photographs the effect of decreasing the precession angle is to increase the 
blank area in the center of the film as in the case of de Jong-Bouman 
photographs mentioned previously. However, for the purposes of a space 
group investigation this does not matter providing that the remaining 
annular record is broad enough to show the main features of the net. 
For example, Figs. 3 and 4 are precession photographs of the b-axis first 
level of childrenite obtained with Mo radiation (zirconium oxide filter). 
A precession angle of 20° was used for Fig. 3 and an exposure time of 3.5 
hours whereas with a precession angle of 6°50’ (corresponding to a cone 
angle of 20° between the precession axis and the diffracted rays) a some- 
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Fic. 3. 0b axis, first level, precession photograph of childrenite, Mo radiation, 
/£=20°, exposure 3.5 hrs. 


Fic. 4. b axis, first level, precession photograph of childrenite, Mo radiation, 
j2=6°50’, exposure 2.5 hrs. 
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what more dense photograph (Fig. 4) was obtained in 2.5 hours. As will 
be observed, the annular area of the plane net recorded in Fig. 4 is more 
than adequate for recognition of its main features, namely, diamond 
with the center of the net at a diamond corner (8). 
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CRYSTALLOGRAPHY OF SPANGOLITE* 


CLIFFORD FRONDEL, 
Harvard University, Cambridge, Massachusetts. 


ABSTRACT 


Spangolite is shown by x-ray Weissenberg and morphological study to be ditrigonal- 
pyramidal (3 m) in crystallization. Unit cell dimensions: a9=8.245 A, co=14.34; aoico 
=1:1.739. Cell contents: CuyAl:(SO4)2(OH)24Cle: 6H.O. Transformation, morphological 
cell of Penfield (1890) to the structure cell, $300/3300/i/0003; a:c=1:1.741 (Tombstone; 
Penfield, 1890). Space group C3c. Crystals of a hemimorphic habit from Bisbee, Arizona, 
and from a new locality at Majuba Hill, Pershing County, Nevada, are described. The in- 
dices of refraction of crystals from different localities vary measureably, with O ranging 
from 1.680 to 1.687; the variation probably is due to substitution of OH for Cl. 


MorPHOLOGY 


The rare and interesting mineral spangolite was first described in 1890 
by Penfield, who established the formula as CugAl(SOx4)(OH)i2Cl-3H2O 
and on the basis of the evidence then available assigned the mineral to 
the hexagonal-scalenohedral (calcite) crystal class, 3 2/m. The locality 
was given only as within a radius of 200 miles of Tombstone, Arizona, and 
has not since been more clearly established. Penfield’s material comprised 


1 2 3 


Fic. 1. Spangolite, Tombstone, Arizona. Pseudo-holohedral habit (after Penfield). 
Frc. 2. Spangolite. Majuba Hill, Arizona. Antilogous pole up. 
Fic. 3. Spangolite, Bisbee, Arizona. Antilogous pole down. 


doubly terminated hexagonal tablets flattened on {0001} with large faces 
of a hexagonal prism and a series of inclined faces in a zone therewith. 
Etch figures produced by very dilute acids on {0001} exhibited rhombo- 
hedral symmetry, and the inclined faces, which seemingly conformed to 
six-fold symmetry about [0001], were set as pyramids together with the 
prism in the second order position. The crystals were specificially stated 


* Contribution from the Department of Mineralogy and Petrography, Harvard Uni- 
versity, No. 302. 
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to show no evidence of lower than hexagonal holohedral symmetry (Fig. 
1). The spangolite crystals described by Pelloux from Arenas, Sardinia, 
also are hexagonal holohedral in appearance. Miers, however, described 
an occurrence of the mineral in Cornwall and proved by means of pyro- 
electric and etching tests that the [0001] axis was polar. Some of his 
crystals had a hemimorphic appearance, but the curved and tapering 
nature of the faces precluded goniometric measurements. Ford later men- 
tioned but did not describe crystals of a hemimorphic habit from the 
Grand Central mine, Tintic, Utah. 

A few months ago, Mr. Hatfield Goudey of Yerington, Nevada, found a 
new occurrence of spangolite at Majuba Hill, Pershing County, Nevada, 
and kindly offered specimens for study. The mineral forms thin crusts of 
minute crystals associated with azurite, chalcophyllite and cyanotrichite 
on altered rhyolite. The spangolite crystals are sharply developed and 
have a simple and strikingly hemimorphic habit. Examination under a 
high power binocular microscope showed that the crystals were termi- 
nated at one end—often the point of attachment to the matrix—by a 
basal pinacoid, with a hexagonal prism and a seeming hexagonal pyramid 
which tapered out to a sharp point or was terminated by a small basal 
pinacoid. A few crystals about 0.003 inch in size were mounted on a re- 
flecting goniometer by picking them up under a microscope on the point 
of a needle that had been thinly coated with a tacky wax. Visible al- 
though inferior reflections were obtained which served to identify the 
forms listed in Table 2; the forms are here given in the new orientation 
required by the «-ray study described beyond. The habit is shown in 
Fig. 2, the acute termination being arbitrarily taken as the antilogous 
pole. Crystals of a different habit were found on another specimen from 
this locality. These comprised minute hexagonal prisms attached to the 
matrix by one end of the c-axis and terminated at the other end of this 
axis by a slightly concave basal pedion. A few of these crystals were 
noted to have a rounded three-sided cross section, resembling that of 
tourmaline, but the roughness of the prism faces prevented goniometric 
measurement. 

Material better suited for goniometric study was obtained on a speci- 
men of spangolite from the Czar mine, Bisbee, Arizona, purchased for the 
Harvard collection in 1941. These crystals were thin tabular on {0001} 
and are doubly terminated with a hemimorphic habit as shown in Fig. 
3. The trigonal pyramids {1011} and {0111} [new orientation] were con- 
sistently observed on only one pole of [0001], here taken as the antilogous 
pole. The other forms occasionally occurred at both poles but usually 
were present only at the analogous pole. {0001} and {0001} always were 
different in size, with {0001} largest. Adjacent inclined faces on both the 
top and bottom poles of the crystals are commonly equal in size, and 
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when they are not equal the distortion is of a random rather than of a 
three-fold nature. The inclined faces and the prism faces ordinarily are 
deeply striated and grooved horizontally, but no correlation between 
these markings could be distinguished on either alternate or adjacent 
faces. The inclined faces on the antilogous termination of the crystals 
ordinarily are more deeply striated. These remarks apply also to the 
crystals from Majuba Hill and to the crystals from Tintic mentioned 
beyond. Morphologically, there is no evidence of trigonal symmetry in 
the arrangement of the inclined faces on spangolite although x-ray study 
proves that the seeming pyramids actually are sets of positive and nega- 
tive trigonal pyramids. The {1013} and {0113} faces of the crystals are 
relatively smooth and large and afforded a number of measures of fair 
quality. The average of these gave p=33° 44’, which is in satisfactory 
agreement with the value 33°50’ calculated from the morphological ratio 
of Penfield. His ratio was based on the angle p=63°335’ obtained from 
faces of {1011} and {0111} of superior quality on an otherwise deeply 
striated crystal. The specific gravity of the Bisbee material was deter- 
mined on the microbalance as 3.135+0.01. 

Crystals from the Tintic locality mentioned by Ford also were avail- 
able for study. These were dull in luster and strongly striated but 
measurements of sufficient accuracy to identify the forms present (Table 
2) were obtained. The crystals have a decided hemimorphic appearance, 
but this is due to an oscillatory combination of {1011} and {0111} with 
{1010} at the antilogous pole of the crystals only, causing the crystals to 
taper at this pole in an irregular fashion, and is not due to asymmetry in 
the kind of faces developed at the top and bottom poles. The crystals from 
Cornwall described by Miers probably also were of this nature. 


X-RAY CRYSTALLOGRAPHY 


Tiny doubly terminated crystals from the Tintic and the Bisbee local- 
ities were examined by the rotation and the Weissenberg methods. Rela- 
tively long exposures were taken in copper radiation and photographs of 
excellent quality resulted. The rotation period about the perpendicular 
to the morphological {1120} in Penfield’s orientation proved to be “/ 3 
times larger than that about the horizontal axis at 30° thereto. This find- 
ing identifies the principal prism as of the first order, and the supposed 
pyramids become sets of trigonal pyramids in equal development. 0- 
and n-layer Weissenberg photographs about the c-axis showed the plane 
symmetries Cs; and C3, and proved the lattice type to be hexagonal. 0- 
and n-layer photographs about the morphological a-axis (in the new 
orientation) showed only two-fold axes of symmetry, C.. The 0-layer 
about the axis perpendicular thereto revealed a two-fold axis and plane 
of symmetry, C2, and the 1-layer showed a plane of symmetry only, Ci. 
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These layer symmetries identify the centrosymmetrical point group of 
the crystal as 3 m, which includes the crystal classes 3 m, 3 2 and 3 2/m. 
The polar nature of [0001] as proven by morphological and physical evi- 
dence establishes the crystal class as ditrigonal-pyramidal, 3 m (tour- 
maline class). The space group is C%;, = C3c. Spangolite was earlier placed 
in the tourmaline crystal class by Ford in the 4th edition of Dana’s 
Textbook of Mineralogy but without discussion of the basis for this clas- 
sification. The unit cell dimensions (new wavelengths) and ratio ob- 
tained by calculation from the appropriate 0-layer Weissenberg films 
are: 
ao =8.245+0.01 A, co=14.34+0.01, a0:co=1:1.739, 


An angle table in the new orientation using the elements obtained by 
Penfield on the Tombstone material is given in Table 1. Penfield’s ele- 
ments are very close to the x-ray values. A list of the forms observed on 
crystals from the known localities is given in Table 2. The transforma- 
tion from the original morphological orientation to the structure cell is 
4200/4400/i/0003. The «x-ray powder spacing data obtained in filtered 
copper radiation on Tintic crystals are given in Table 3. 


TABLE 1. ANGLE TABLE FOR SPANGOLITE 


a:¢=1:1.7414; @ 75°17’; poiro=2.0108:1; A 101°413’ 


Lower Upper Miller ry p=C Ai Ao 

6 c 0001 111 — 0°00’ 90°00’ 90°00’ 
m 1010 211 30°00’ 90 00 30 00 90 00 

—m 0110 112 —30 00 90 00 90 00 30 00 

a 1120 101 0 00 90 00 60 00 60 00 

k k 1014 211 30 00 26 413 67 063 90 00 
n n 1013 522 30 00 33 50 61 103 90 00 

6 o 1012 411 30 00 45 094 52 01 90 00 

Z TS OSS ee Oe tents 30 00 56 27 43 48 90 00 

l i COe/ 1. i 30 00 59 523 41 29} 90 00 

p p 1011 100 30 00 63 33} 39 093 90 00 

oD x 3032 sit 30 00 71 393 34 425 90 00 

y y 2021 SII 30 00 76 02 32 49 90 00 

a z 3031 722 30 00° 80 35} 31°183 90 00 
—k —k 0114 $52 —30 00 26 413 90 00 67 063 
=n —n 0113 441 —30 00 33 50 90 00 61 103 

—6 —o 0112 110 —30 00 45 09} 90 00 52 01 
ale —r 0334 772 —30 00 56 27 90 00 43 48 
—! —] 0667 13.13.5 —30 00 59 523 90 00 41 293 
—>p —p 0111 221 —30 00 63 334 90 00 39 093 
—£ —x 0332 554 —30 00 71 394 90 00 34 423 

—¥ —y 0221 111 —30 00 76 02 90 00 32 49 
—z% —z 0331 445 —30 00 80 353 90 00 31 18} 
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TABLE 2. ForMs OBSERVED ON SPANGOLITE FROM 
DIFFERENT LOCALITIES 
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Forms 


Tomb- 
stonet 


Majuba 
Hill 


Bisbee 


Tintic 


Sardinia. 


Cornwall 


0001 
0001 
1010 
0110 
1120 
1013 
0113 
0118 
1013 
1012 
0112 
1012 
0112 
1011 
0111 
1011 
O11T 


* ££ KH & FH KK 6 KH K & &e HK & RK H SH 


* rare 
* 


* 
* 


kk to oe 


rare 


ee KH 


* * * € * 


ee K 


SO 


{ Also the following trigonal pyramids with their corresponding negative upper and 
positive and negative lower geometrical equivalents: 1014, 3034, 3032, 2021, 3031. 


TABLE 3. X-RAY POWDER DIFFRACTION DATA FOR 
SPANGOLITE FROM TrnTIC, UTAH 
Copper radiation, nickel filter 


d If d I d I 
7.07 10 eT 1 27 Ds 
35,58) 8 1.64 5 25 1 
320 2 1.56 4 123 1 
Drei 1 1S 1 1.20 1 
2.66 4 1.49 4 1.18 3 
2.54 ih 1.43 2 ite ile) 1 
P50) 5 1.39 2 1.09 2 
7 itil 4 1.35 1 1.08 1 
DAs 1 i168) 1 1.02 1 
1.98 6 ileull 2 1.01 1 
1.80 7 19, 1 1.005 2 

0.987 2 


CHEMISTRY AND INDICES OF REFRACTION 


The only chemical analyses reported of spangolite are those of Pen- 
field on the original material from the region of Tombstone, Arizona. 
Table 4 gives the unit cell contents calculated from the average of these 
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analyses using the cell dimensions cited and the specific gravity, 3.141, 
obtained by Penfield on the analyzed sample and here confirmed on 
material from Bisbee. The simplest formula for the mineral is seen to be 


CusAl (SO) (OH) Cl P 3H,0, 


which is identical with that originally derived by Penfield. There are two 
of these formula units in the unit cell. 


TABLE 4, Unit CELL CONTENTS OF SPANGOLITE 


1 2 3 4 5 6 
CuO 59.82 59.51 7479 (Cu) .7479 11.94 12 
Al,03 6.39 6.60 .0647 (Al) .1295 2.07 z 
SO3 10.03 10.11 1263 (S) .1263 2.01 2 
Cl 4.44 4.11 .1159 (Cl) a59 1.85 2 
H;0 20.32 20.41 TSS (H) 2.2652 36.17 36 
=== = (O) 2.3960 38.26 38 

101.00 100.74 

O=Cl 1.00 0.92 

Total 100.00 99.82 


1. Average of four analyses, three partial, by Penfield (1890) on material from the 
region of Tombstone, Arizona. Measured G=3.141. 

2. Theoretical weight percentages for CusAl(SO.) (OH) 12Cl: 3H20. 

3. Molecular quotients. 

4. Atomic quotients. 

5. Calculated unit cell contents. Molecular weight =1597 (meas.). 

6. Theoretical cells contents. Calculated G=3.14. 


The calculated atomic contents of the unit cell correspond very closely 
to whole numbers with the exception of Cl. The value for Cl is slightly 
low and presumably this element is substituted for in part by OH. A 
small but significant variation is found in the indices of refraction and 


Locality O E 
New Mexico? 1.680 
Majuba Hill, Arizona 1.681 + .002 1.627+0.002 
Sardinia 1.682 
Sardinia 1.683 + .002 
Bisbee, Arizona 1.685 + .002 
Tintic, Utah 1.686+ .002 1.638+0.002 
Tombstone, Arizona® 1.687 
Tombstone, Arizona® 1.694 1.641 


* Private communication, Miss Jewell Glass, U. S. Geol. Survey. 


> Private communication, Dr. Waldemar T. Schaller, U. S. Geol. Survey. 
° Penfield (1890). 
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birefringence of spangolite from different localities, as tabulated below. 
This variation doubtless is due to variation in the Cl:OH ratio or to some 
other type of compositional variation in the mineral. It may be noted 
that at least the index of refraction for the ordinary ray given by Penfield 
for the Tombstone material is in error according to the measurements of 
Miss Glass on the type material. 


SYSTEMATIC RELATIONS 


Spangolite does not appear to have any close relatives either crystallo- 
graphically or chemically. A number of other hydrated basic sulfates of 
divalent and trivalent cations are known and are listed below. A com- 
parison of the properties of these minerals with those of spangolite, in- 
cluding a comparison of the «-ray powder photographs, did not reveal 

Connellite Curs(SOx) (OH) 30Cly: 4H20 (?) 
Glaucocerinite Zn13Cu7Als(SO4)2(OH) 60° 4H20 (?) 
Creedite CasAle(SO,) (OH, F)¢F4: 2H,O 
Spangolite CusAl(SO4) (OH) 2C1 - 3H20 
Chalcophyllite CuzgsAle(SO4)3(OH)s33(AsOx)3 *33H2O 
Cyanotrichite Cu4Al:(SO.)(OH)2:2H2O 
Zinkaluminite Zn3Al3(SO4)(OH),3: 3H20 
Chalcoalumite CuAl,(SO4)(OH)12° 3H20 

Ettringite  CagAle(SO,);(OH)12: 26H20 


any obvious relationships. The powder pattern of chalcophyllite, how- 
ever, resembles that of spangolite in part, due to a near identity in posi- 
tion of intense reflections from 000/. The cell dimensions and cell con- 
tents of spangolite and chalcophyllite* are compared below. 


Space 
Cell contents group ao Co 
Spangolite CuyzAls(SO4)2(0H)24Cl, - 620 C3¢ 8.245 14.34 


(14.34 4=57.36) 
Chalcophyllite | CuisAle(SOs)3(OH)ss(AsO«)s°33H,0 | R3m(?) | 10.75 57.40 


* Data of L. G. Berry, private communication, 1948. 
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RETGERSITE, NiSO,-6H,0, A NEW MINERAL* 


CLIFFORD FRONDEL AND CHARLES PALACHE, 
Harvard University, Cambridge, Mass. 


ABSTRACT 


The well-known artificial compound, tetragonal NiSO,:6H.0, is described from five 
patural occurrences: with morenosite and minasragrite at Minasragra, Peru; with anna- 
bergite at Cottonwood Canyon, Churchill Co., Nevada; at Lobenstein, Thuringia; at Lich- 
tenberg, Bayreuth, Bavaria; and with ferroan chalcanthite at the Gap Nickel Mine, Lan- 
caster Co., Pennsylvania. Tetragonal trapezohedral, with a:¢ = 1:2.7038 (artificial; Scacchi, 
1863); ao=6.765 kX, co=18.20; ao:co=1:2.690 (Minasragra). Uniaxial negative, with 
O=1.510, E=1.486 (natural). Crystals from Minasragra are short prismatic [001] with 
{O01}, {110}, {011}, {012}, {112}; also found as fibrous aggregates and veinlets. Color 
blue-green. G=2.04 (Nevada). Cleavage {001} perfect, {110} in traces. Analysis gave: 
NiO 26.87, MgO 0.65, FeO 0.63, SO3 30.32, H2O [41.53], total [100.00] (Nevada). The name 
retgersite is proposed for the mineral in honor of J. W. Retgers (1856-1896), Dutch physi- 
cal chemist and crystallographer. 

Only four of the twenty-three reported natural occurrences of morenosite, orthorhombic 
NiSO,:7H;0, can be said definitely to be of that species. 


INTRODUCTION 


At least six different hydrates of nickel sulfate and an uncertain num- 
ber of nickel oxysulfates have been synthesized (9, 12, 13). Several of 
these compounds have regions of stability which suggest that they might 
form under natural conditions, and one of them, the orthorhombic poly- 
morph of NiSO,-7H,0O, is already known to mineralogists under the 
name morenosite. Most of the reported occurrences of morenosite are 
open to doubt as to the particular nickel sulfate represented, due to un- 
certainties as to the system of crystallization and the water content. A 
recent survey of the specimens of so-called morenosite in the Harvard 
collection verified the existence of morenosite in one instance and also 
proved the natural existence of the tetragonal polymorph of nickel sulfate 
hexahydrate. The latter substance, also known as blue- or alpha- 
NiSO,:6N;0, is described beyond under the name retgersite. The name 
is given after the Dutch physical chemist and chemical crystallographer 
Jan Willem Retgers (1856-1896). Retgers made numerous crystallo- 
graphic studies of artificial salts with particular reference to their iso- 
morphism and polymorphism. Retgers also made important contribu- 
tions to mineralogical laboratory techniques, including the use of phos- 
phorus as an index of refraction medium, the examination of detrital 
mineral grains by embedding techniques, and especially the development 


* Contribution from the Department of Mineralogy and Petrography, Harvard Uni- 
versity, No. 301. 
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and use of heavy liquids and melts for the measurement of specific grav- 
ity. 
RETGERSITE, NiSO4:6H.O 

The tetragonal polymorph of NiSO,-6H,O was first identified by the 
senior author as poorly formed, bluish green crystals incrusting a black 
coke-like mass of patronite from Minasragra, Peru. The crystals, which 
ranged up to about one millimeter in length, were too rough to permit 
accurate goniometric measurements but did afford sufficient data to 
establish the forms present as {001}, {110}, {011}, {012} and {112}. The 
habit is shown in Fig. 1. An x-ray rotation photograph and 0-layer Weis- 


‘ts. L. Retgersite from Minasragra, Peru. Forms: ¢{001}, 
m{110}, {112}, 7{011}, 7{012}. 


senberg photograph taken about [001] confirmed the tetragonal sym- 
metry and afforded the cell dimensions given below in comparison with 
those obtained by a precision powder a-ray study of the artificial com- 
pound by Borghijs (2). 


ao Co 
6.765+0.02 kX 18.20+0.05 (Minasragra) 
6.776+0.003 18.249+0.009 (Artificial (2 )). 


Accurate morphological measurements were obtained by Scacchi (15) on 
artificial crystals, and an angle table for the known forms using his 
angles as given in Table 1. The original morphological cell of Scacchi is 
here turned 45° around [001] to conform to the unit of the structure cell. 
The crystal structure of the compound has been described by Beevers and 
Lipson (1). Optically, the Minasragra mineral is uniaxial negative with 
nO=1.510 and nE=1.486, which compare closely with the indices 


190 CLIFFORD FRONDEL AND CHARLES PALACHE 


TaBLeE 1. ANGLE TABLE FOR RETGERSITE 
Tetragonal; trapezohedral—4 2 2 
a:c=1:2.7038; po:ro=2.7038:1 


¢ p A M 
c 001 — 0°00’ 90°00’ 90°00’ 
m 110 45°00’ 90 00 45 00 90 00 
h 013 0 00 42 014 90 00 61 444 
z 012 0 00 53 303 90 00 55 214 
j O11 0 00 69 42 90 00 48 274 
o 113 45 00 all SS 56 12 90 00 
p 112 45 00 62 234 512 90 00 


nO= 1.5109 and nE= 1.4873 (for Na) obtained by the prism method of 
Topsge and Christiansen (19) on artificial crystals. There is a good cleav- 
age on {001} and traces of a cleavage, best seen on crushed grains under 
the microscope, on {110}. Sufficient material could not be obtained for 
a chemical analysis. The mineral occurs with morenosite, described be- 
yond in more detail, and with blue efflorescent masses of minasragrite, 
V2H»(SO4)302:15H.O. The latter substance unquestionably has formed at 
least in part since the specimen was collected but both the retgersite and 
morenosite appear to be original deposits. Both minerals presumably 
were formed ultimately by the oxidation of nickelian pyrite present in the 
ore-body. 

Four additional natural occurrences of retgersite were found on speci- 
mens from other localities that had been labeled as of morenosite. The 
best of these comprised a foot-long mass of niccolite-bearing vein mate- 
rial from a mine in Cottonwood Canyon, Churchill County, Nevada, 
which was supplied for study through the interest of Mr. Hatfield Goudey 
of Yerington, Nevada. The geology of the deposit has been described by 
Ferguson (6). The specimen has been thoroughly oxidized and is crusted 
over and veined by apple-green, granular masses of annabergite and blue- 
green fibrous aggregates of retgersite. The retgersite is an original deposit, 
in part earlier formed than annabergite, and is not a dehydration product 
of morenosite. Optically, the retgersite is uniaxial negative with 
nO=1.510 and nE=1.486. The x-ray powder pattern checked that of 
artificial tetragonal NiSO,:6H,O. The direction of the fiber axis is [001]. 
The specific gravity of a small compact grain was determined on the 
microbalance as 2.04, which compares to the values 2.064 and 2.074 ob- 
tained by Gossner (7) and Topsge (18), respectively, on artificial crystals. 
A chemical analysis of this material is cited in Table 2. The Mg and part 
at least of the Fe? is present in substitution for Ni. 

Retgersite also was identified as pale blue-green granular crusts and 
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TABLE 2. ANALYSIS OF RETGERSITE FROM COTTONWOOD Canyon, NEVADA 


1 2 
NiO 26.87 28.42 
MgO 0.65 
FeO 0.63 
SO; 30.32 30.46 
HO [41.53] 41.12 
Total [100.00] 100.00 


1. Analysis by H. J. Hallowell, May, 1948. Analysis made on a cold water extract of 
material slightly admixed with limonite, quartz, and annabergite. The total iron is cal- 
culated as FeO, but is probably present in the mineral in part as admixed Fe,Os. 

2. Theoretical composition, NiSO,: 6H,0O. 


veinlets associated with fine-grained annabergite on a specimen labeled 
morenosite from Lichtenstein, Bayreuth, Bavaria. This is the type local- 
ity for the supposed variety of morenosite termed pyromeline by von 
Kobell (22). One cannot tell from the original description, however, 
whether his mineral was either retgersite or morenosite. Pyromeline was 
said on the basis of qualitative tests to contain a small amount of (AsO,) 
in substitution for (SO4) but this might well have been due to admixture 
of annabergite. Sufficient material was not available on the present speci- 
men to permit an analysis. The indices of refraction of this material are 
practically identical with those of the pure artificial compound. Addi- 
tional occurrences of retgersite were found as pale blue-green masses 
associated with annabergite on a specimen from Lobenstein, Thuringia, 
and with ferroan chalcanthite on a specimen from the Gap Nickel Mine, 
Lancaster Co., Pennsylvania. 

Systematic Relations and Synthesis. Retergsite is isostructural with the 
tetragonal polymorphs of the hexahydrated selenates of Ni and Zn. Some 
of the properties of these compounds are given in Table 3. Retgersite is 
the only known natural representative of the group. The monoclinic 
polymorph of NiSO,:6H;0 has been prepared artificially and its crystal- 
lographic and optical properties have been described (8, 9). This com- 
pound, green in color, is formed from pure water solutions at tempera- 
tures over 53.3° C. and below this temperature rapidly inverts to the blue 
tetragonal polymorph. The occurrence of this unstable and relatively 
soluble (52.5 g. NiSO, in 100 g. water at 54.5°) monoclinic phase in nature 
seems very unlikely. The monoclinic zinc and magnesium analogues are 
stable under ordinary conditions, however, and occur in nature as the 
minerals bianchite and hexahydrite. 

Mg can substitute for Ni in retgersite, as indicated by the analysis of 


192 CLIFFORD FRONDEL AND CHARLES PALACHE 


the Nevada material, and at least a partial series extends from retgersite 
toward tetragonal MgSO,-6H;0. There is no experimental proof of this 
at hand, however, and pure tetragonal MgSO,-6H,0 itself is not stable 
under ordinary conditions. It may be noted in this connection that a com- 
plete series extends between the orthorhombic compounds morenosite, 
NiSO,:7H2O, and epsomite, MgSO,:7H,0, as shown by Dufet (5) and by 
Hutton (10). Both Fe” and Cu’ probably substitute only to a very small 
extent in retgersite. The observed limits of substitution of these elements 
in orthorhombic NiSO4-7H,O are Cu:Ni~2:98 and Fe:Ni~1:5. 
Neither Fe’ or Cu” form stable compounds in either the tetragonal or 


TABLE 3. TETRAGONAL HEXAHYDRATED SULFATES AND SELENATES* 


atc nO nE 

(morph.) ve a (for Na) 
Retgersite NiSO,:6H,O0 1:2.7038 6.776 18.249 1.5109 1.4873 
(Artificial) NiSeO,-6H20 1:2.5971 1.5393 135125 
(Artificial) ZnSeOs-6H2O 1:2.6798 1.5291 1.5039 


(Unstable) CuSO,-6H,O 
(Unstable) ZnSO: 6H,O 
(Unstable) MgSO,-6H20 


* Data summarized from Groth (8); cell dimensions of Borghijs (2). 


monoclinic hexahydrate groups or in the orthorhombic heptahydrate 
group, although a metastable tetragonal modification of CuSO,4:6H2O 
has been reported and the orthorhombic form of FeSO,:7H,O has been 
said on the basis of inconclusive evidence to exist in nature (the tauriscite 
of Volger (21)). Mn” probably enters into a limited range of substitution 
for Ni in retgersite. 

Retgersite can be synthesized by crystallization from pure water solu- 
tion at temperatures between 31.5°, below which orthorhombic 
NiSO,-7H,2O is stable, and 53.3°, above which monoclinic NiSO,:6H.O 
is stable. A dihydrate forms above about 118°. These transition tempera- 
tures are from the data of Steele and Johnson (17); slightly different 
values have been reported by others (see Seidell (17)), and metastable 
equilibria commonly occur. Retgersite also can crystallize at tempera- 
tures at least as low as 0° from solutions which contain an appropriate 
excess of free H,SO,, as shown by Rohmer (14) and others. This factor 
may determine its formation in nature in place of morenosite. Under 
certain circumstances both retgersite and morenosite have been observed 


to crystallize simultaneously, one or the other of the two compounds 
being in metastable equilibrium. 


RETGERSITE, A NEW MINERAL 193 


MorenositTEF, NiSO4:7H.O 


At least twenty-three different occurrences of morenosite have been 
reported in the literature by Laspeyres (11) and others. In only a few 
instances, however, have sufficient data been given to definitely prove 
the occurrence of the orthorhombic heptahydrate. Here may be men- 
tioned the occurrence at Joachimstal, Bohemia, which Ulrich (20) estab- 
lished on the basis of optical measurements, and the occurrence in the 
Val Malenco, Lombardy, which was said by Cavinato (4) to be of ortho- 
rhombic crystals and which conformed on analysis to the heptahydrate. 
The original occurrence at Cape Hortegal, Galicia, Spain, described by 
Casares (3) also appears definitely to be of morenosite. Analytical evi- 
dence alone is not very satisfactory since the point at issue is the dis- 
tinction between the hexahydrate and the heptahydrate. The difference 
in water content is small (41.12 and 44.90 weight per cent water, re- 
spectively), and decisive results would be difficult to obtain ordinarily 
since the material commonly occurs as fibrous or fine-grained efflores- 
cences and contains hydrous impurities, notably annabergite. There also 
is the probability that part at least of the seventh molecule of water can 
be lost without breakdown of the orthorhombic structure, as in the case 
of the isostructural compound MgSO,:7H2O (epsomite). 

In the course of the present work, morenosite was identified by its 
optical properties and «-ray powder diffraction pattern* as emerald-green 
crystals associated with minasragrite and retgersite on a specimen of 
patronite from Minasragra, Peru. The occurrence of morenosite at this 
locality has been remarked earlier by Schaller (16). The crystals were not 
suited for crystallographic measurement. The material is optically nega- 
tive, with »X =1.470, nY=1.493, nZ=1.500, 2V small and dispersion 
r>v. These data diverge slightly from those reported by Dufet (5) for the 
pure artificial salt: »X= 1.4693, nY=1.4893, nZ=1.4923 (for Na) with 
2V =41°54’ (meas.) and r>v. A spectrographic examination revealed the 
presence of V in an amount of the order of a few tenths of a per cent. 

On standing in the open in dry air, crystals of morenosite generally de- 
hydrate rapidly to the tetragonal hexahydrate, retgersite. This was veri- 
fied by the writers on several artificial preparations. The product formed, 
however, varies considerably with circumstances. One artificial prepara- 
tion, crystallized from a water solution containing a little HCI, proved to 
be stable under ordinary conditions. Further, the natural morenosite 
from Minasragra had partially effloresced during the thirty years or so 
that it had been contained in the collection, but the dehydration product 


* X-ray powder data for the hydrated nickel sulfates are given by Hammel (9), in the 
ASTM card file, and for NiSO,: 6H2O by Borghijs (2). 
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proved to be not the hexahydrate but a mixture of several lower hydrates. 
Morenosite does not lose water if it is kept in a sealed, tightly packed con- 
tainer. It may be noted that orthorhombic MgSO,:7H,O (epsomite), 
with which morenosite is isostructural, dehydrates to the monoclinic 
polymorph of MgSO,-6H,O (hexahydrite) and not to the tetragonal 
phase as in the case of morenosite. The tetragonal phase of NiSO,- 6H2O 
retgersite, apparently is stable in dry air at room temperature. Finely 
ground artificial preparations did not lose weight on standing in the open 
air for a period of weeks. A few large crystals of this substance that had 
been exposed to direct sunlight were observed to break down very slowly 
to a yellow-green product, probably NiSO,-H,O. The decomposition be- 
gan at a few isolated spots, and the areas of the yellow green substance 
were rimmed by an intermediate zone of a pale bluish green material 
probably consisting of NiSO,4:2H.O. 


REFERENCES 


. BEEverRS, C. A., AND Lipson, H., Zeit. Kryst., 83, 123 (1932). 

. Borcuys, L., Natuurwet. Tiidschr., 19, 115 (1937). 

. Casares, D. A., cited by Atcrpar, A. M., Revista Minera, Madrid, 176 (1851). 

. Cavinato, A., Atti R. Accad. Lincei, Rend., Cl. Sci., Rome, ser. 6, 25, 399 (1937). 

. Duret, H., Compt. rend., 86, 880 (1878) and Bull. Soc. Min., 1, 58 (1878). 

. Fercuson, H. G., Univ. Nevada Bull., 33, No. 5 (1939). 

. GossneER, B., Ber. deutsch. Chem. Ges., 40, 2374 (1907). 

. Grotu, P., Chemische Kryst., 2, 423, 426, 428 (1908). 

. HAMMEL, F., Ann. Chim., ser. 11, 11, 247 (1939). 

. Hutton, C. O., Am. Mineral., 32, 553 (1947). 

. LAspeyres, H., Verhandl. naturhist. Ver. Bonn, 50, 255 (1893). See also Hupson, F. S., 
Bull. Univ. Calif. Dept. Geol., 13, 175 (1922); Jounston, R.A.A., Canada Dept. Mines, 
Geol. Surv., Mem. 74, 162 (1915); Hmntzn, C., Handbuch der Min., 1, Pt. 3B, 4354 
(1929); and Coteman, A. P., Canada Dept. Mines, Mines Branch, Rept. 170 (1913). 

12. Mettor, J. W., A Comp. Treatise on Inorg. Chem., 15, 453 (1936). 

13. Pascat, P., Traité de Chim. Min., 10, 155 (1935). 

14. Roumer, R., Ann. Chim., ser. 11, 11, 611 (1939). 

15. Scaccut, A., Atti R. Accad. Sci. Napoli, 1, no. 11 (1863). 

16. SCHALLER, W. T., J. Wash. Acad. Sci., 7, 501 (1917). 

17. SrweE t, A., Solubilities of Inorg. Compounds, New York, 3rd ed., 1347 (1940); also 

STEELE, B. D. and Jounson, F. M. G., J. Chem. Soc. London, 85, 116 (1904). 

18. Torsgr, H. F. A., Archiv. sci. phys. nat. Geneve, ser. 2,45, 223 (1872). 

19. Topsge, H. F. A., AND CHRISTIANSEN, C., Ann. Chim. Phys., ser. 5, 1, 63 (1874). 

20. Urricn, F., Casopis Musea Ceskeho, Prague, 95, 123 (1921). 

21. VoucrEr, G. H. O., Jahrb. Min., 152 (1855). 

22. VON KoBELL, F., J. prakt. Chem., 58, 44 (1853). 


NR 


BR ScmraIan pw 


= 


THERMAL STUDY OF RHODOCHROSITE 


J. Laurence Kurp, Harorp D. Wricut, anp Ratpu J. Hormes 
Columbia University, New York, New York. 


CONTENTS 
ENDS Ud eer tan ERE TAN Se eT cele ha ty id Te Mel 8 ald oc BR et E, 195 
a bows oe keveiitroy th, SB g 9 Basle c SiSl So ee ROR ee eee Sano a, PO eg 195 
TePExpenimentalsaquipmentand !erocedure:s7 55. aes o425. 0). 4. ko eee 196 
Pee CENET AVL eth OU Mntee tte seen rman: et ee a, OMEN AAD ns eed 196 
133, ANOVO RIAU clic Oneiet hie Utes UM Nuits Sera Shi the a ae ebe ean Oe ie RO 196 
(CORPO cedure ree eee ty ee NO hl SBE a a 5h Balen, Wet eri ate tes 197 
DePxothermucebeaks Reproducibilitye sats pt kek eee noe 198 
UP SutbstituconsineRhodochrosites..5 feos. ctes estan ae h5 cies oe sean ee 201 
IV. Thermal Curves of Rhodochrosite-Carbonate Mixtures..................... 202 
Werlhermaik Curves oteenodochrosites 45 sae eee ae eee Gee eee eee 208 
ENG, (Cra EWG Psd Sa Sc Oy ORR INOS RE eT Em 208 
Bem iscussiontoim individual Gunvesnee 7 assem oe. vee ain ay aia 209 
@ralypewPhermallCurve torn Rhodochrosites «2.0.45. 12... a eae 214 
DD eVian ganocal citer tia eet own hoki oir Ree oe ae 215 
Walt CONCLUSIONS PPPOE ee ents eer EG Pee Nino ane Adal donas hie ta, Rate e 217 
BID OSLAD hy gee eee er ee te es tee re ee ne a ee eA ten Ue any anes 218 
ABSTRACT 


Representative specimens of rhodochrosite from many localities have been examined by 
the method of differential thermal analysis in order to establish the form and variations of 
the thermal curve of the mineral, and to study the effect of cation substitution on its 
thermal behavior. The optimum conditions of sample and apparatus providing reproducible 
thermal curves for this mineral group are discussed. 

The endothermic peak was found to reproduce more consistently than the exothermic, 
varying from 609° C. to 724° C. but only one specimen gave an endothermic peak higher 
than 667° C. The majority range from 609° C. to 635° C. The temperature at which the 
endothermic peak occurs is raised by the presence of Ca and Mg and is lowered if iron sub- 
stitutes for manganese in the lattice. 

The materials used in the thermal work were checked by means of powder x-ray pat- 
terns and semi-quantitative tests for the cations in question. 

Several specimens of manganocalcite varying widely in manganese content indicate 
that the substitution of Mn for Ca in the series calcite-rhodochrosite is probably continuous 
and unlimited. 

I. INTRODUCTION 


The members of many mineral groups may be distinguished by the 
method of differential thermal analysis since the temperatures at which 
reactions involving appreciable energy changes take place differ for the 
several members of the group. The relations between crystal structure 
and the stability of minerals with increasing temperature have been 
recognized by structural chemists and mineralogists for over 60 years 
but it is only within the last decade that these have been utilized as a 
practical aid in the identification and study of minerals. 
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The most extensive applications of differential thermal analysis have 
been in the field of clay mineralogy (Grim and Rowland, 1942), (Speil, 
Berkelhamer, Pask, and Davies, 1945), (Kerr and Kulp, 1947, 1948). 
Reconnaissance studies indicate the usefulness of the technique in the in- 
vestigation of such mineral groups as the hydrous oxides, sulfates, phos- 
phates, zeolites, and carbonates. 

Little is known concerning the thermal behavior of the minerals of the 
carbonate group and even less about the influence on the thermal curves 
of ionic substitution among the cations of this group. The present investi- 
gation attempts to define the type thermal curve of rhodochrosite and its 
variations in order to study the extent of cation substitution in rhodo- 
chrosite as indicated by correlated thermal, x-ray and chemical data. 

The authors are especially indebted to Prof. Paul F. Kerr, at whose sug- 
gestion the problem was undertaken. His helpful advice and critical read- 
ing of the manuscript are greatly appreciated. They also wish to thank 
Professor Charles H. Behre, Jr., with whom certain aspects of the paper 
were discussed. Dr. Frederick H. Pough, Curator of Mineralogy, Ameri- 
can Museum of Natural History, made available several specimens of 
manganocalcite which added much to the study. 


II. EXPERIMENTAL EQUIPMENT AND PROCEDURE 


A. General Method. Many minerals when heated at a constant rate to 
about 1000° C. undergo thermal reactions (gain or loss of heat) due to 
(1) loss of either absorbed or lattice (OH) water, (2) chemical combina- 
tion, (3) decomposition, or (4) changes in crystal structure. The reactions 
usually are characteristic of a given mineral, and thus may be used for 
identification. Further, since the intensity of reaction is roughly propor- 
tional to concentration, a quantitative estimate of the proportions of the 
component minerals in mechanical mixtures can be obtained. 

In practice the thermal properties of a mineral are detected by com- 
paring its temperature with that of an inert material as both are heated 
at the same constant rate. One terminal of a two-headed thermocouple is 
placed in the mineral, the other in the inert material (alundum). Voltage 
across the terminals of the pair is detected only when there is a difference 
in temperature between them. If the temperatuie differential is plotted 
against the temperature of the inert material, thermal reactions of the 
mineral appear as exothermic or endothermic peaks on an otherwise 
straight line curve. The shape and temperature position of these peaks 
usually are characteristic of a particular mineral, and can be readily 
measured and studied. (For details of method see Speil et al., 1945 and 
Kerr and Kulp, 1948.) 


B. Apparatus. The apparatus used was the multiple thermal analysis 
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unit in the Mineralogical Laboratory of the Department of Geology, 
Columbia University. Both apparatus and technique are fully described 
elsewhere (Kerr and Kulp, 1948). X-ray diffraction equipment using iron 
radiation was employed in obtaining Debye powder patterns. 

C. Procedure. The specimens studied were obtained from the Min- 
eralogical collection of Columbia University, except for certain mangano- 
calcites obtained from the American Museum of Natural History. Speci- 
mens from the following localities were made use of: 


No. of 
Locality specimens 
sampled 

Lake County, Colorado 3 
Saguache County, Colorado 1 
Park County, Colorado 1 
Austin, Nevada 1 
Branchville, Connecticut 1 
Cummington, Massachusetts 1 
Butte, Montana (various mines) 3 
Whitehall, Montana 1 
Stassfurt, Germany 1 
Staffel, Bavaria 1 
Oberneisen, Nassau 1 
Lahnstein, Prussia 1 
Franklin, New Jersey 6 


A preliminary study of the influence of fragment size on the thermal 
curve was made by separating fractions of four different size ranges and 
testing them simultaneously in the thermal apparatus. The fragment 
sizes used were: (1) 50-80 mesh; (2) 80-120 mesh; (3) 120—200 mesh; and 
(4) minus 200 mesh. No appreciable change was observed in the shape of 
the thermal curves, but the endothermic peak temperature varied slightly 
with fragment size. The differences in peak temperatures given by (80- 
120) and (120-200) mesh fragments were negligible. The endothermic 
peak temperatures of the (50-80) mesh fraction was about 5° C. above 
the average for the (80-200) mesh range, and fragments which passed 
200 mesh had an endothermic peak about 5° C. below. Therefore prepara- 
tion procedure was standardized so that only (80-200) mesh fragments 
were used for the thermal analysis work. The samples were heated to 
1000° C. at a near-constant rate of 12° C. per minute. 

Qualitative and semi-quantitative chemical tests for Ca, Mg, Mn and 
Fe, and «-ray powder patterns (Debye) were obtained for all samples 
and each sample was examined with the aid of a petrographic microscope 
for impurities. 

Shifts in the endothermic peak temperatures were correlated with cor- 
responding shifts in the high angle lines of the x-ray powder patterns, 
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and with the evidence of substitution of Ca++, Mg,*++ and Fe** for Mn*t* 
in the crystal lattice indicated by the results of the chemical analyses. 

A quantitative study of the effects of impurities on the thermal curve 
of rhodochrosite was made using artificially prepared mixtures of rhodo- 
chrosite with calcite, dolomite, siderite and chemically pure CaCOs 
powder. The shift in endothermic peak temperature, and the relation be- 
tween area under the curve and percentage of a given constituent were in- 
vestigated. 

D. Exothermic Peak Reproducibility. Experimental work indicated that 
the exothermic (oxidation) peak which follows the large endothermic 
decomposition reaction varies considerably in shape and peak tempera- 
ture, while the endothermic peak remains reasonably constant. (The 
endothermic and exothermic reactions will be discussed more fully later.) 
In most cases the exothermic peak appears as a long, low arch rather than 
a sharp, pointed peak, like that produced by the endothermic reaction. 
This exothermic reaction is believed to be a result of air oxidation of the 
lower valence manganese oxide produced in the decomposition of rhodo- 
chrosite, and in the furnace it was evident that something inhibited the 
immediate oxidation of the decomposition product, manganous oxide. An 
attempt was made to obtain a reproducible exothermic peak by varying 
(1) the fragment size and (2) the position of the cover disc. A rhodochrosite 
specimen* from the Anaconda Mine, Butte, Montana, was selected for 
the exothermic peak study. Experiments were made under the following 
conditions: 

(1) Minus 80 mesh fragments; cover on. 

(2) Same. 

(3) Minus 50 plus 120 mesh fragments; cover off. 


(4) Minus 50 plus 120 mesh fragments; cover on. 
(5) Minus 80 plus 200 mesh fragments; cover off. 


These experiments demonstrate that particle size is not a critical factor 
in obtaining reproducible exothermic peaks. It is clear, however, that the 
cover disc had restricted the free access of oxygen to the rhodochrosite 
decomposition product. When the cover was removed the curves showed 
sharp exothermic peaks which are largely reproducible from one experi- 
ment to the next. The remaining differences in exothermic peak shape are 
to be attributed to the thermocouple position and the nature of the weld. 
The curves in Figs. 1 and 2 illustrate the results obtained in the five ex- 
periments listed above. Those of Fig. 1 were obtained with the cover on. 
The peak due to the oxidation reaction is not appreciably developed and 

* The double endothermic peak indicates an intergrowth of two rhodochrosites which 


differ in the foreign cations substituted for Mn in the lattice. This specimen is discussed in 
detail later. 
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Fic. 2. Exothermic Peak Study. Cover off, permitting free access of air to sample for 
oxidation. (50-120 mesh fragments.) 
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there is little relation among the individual curves. These were not re- 
producible from one experiment to the next. The curves in Fig. 2, on the 
other hand, show the sharp exothermic peak produced by removing the 
cover. Under these conditions the peaks are reproducible for a particular 
thermocouple in successive experiments, but the curves obtained for 
different thermocouples during the same experiment differ somewhat due 
to differences in position of the thermocouple head. Curves Nos. 3 and 5 
exhibit a delayed peak because the thermocouple head was considerably 
below the center of the sample. 

From this study it is evident that reproducible thermal curves of rhodo- 
chrosite or other minerals that undergo air oxidation could not be ob- 
tained with the sample holder cover in place. Accordingly, a special cover 
was made with small supports, which leaves about +” space between cover 
and sample holder. This permits free access of oxygen to the samples but 
shields them from direct furnace radiation. This innovation was used for 
all of the subsequent thermal] curves discussed in this paper. 


III. SuBSTITUTION IN RHODOCHROSITE 


The mutual substitution of the common divalent metallic ions in the 
carbonate minerals is tacitly assumed in most mineralogical texts. An 
examination of the ionic radii of Ca++, Mg**, Fet*+ and Mn‘ in relation 
to the crystal structure of the carbonates indicates that such substitution 
seems possible. The clearest demonstration of this phenomenon was pro- 
vided by the work of Krieger (1930), who showed that in manganoan cal- 
cite Mn*+ can substitute for Cat+ to at least 40%. He demonstrated that 
this substitution may be correlated with a linear shift in the indices of re- 
fraction, specific gravities and the position of the lines in the «-ray diffrac- 
tion patterns. 

The present investigation provides further evidence of this phenome- 
non in the case of the substitution of Cat+, Mgt+, and Fet* for Mn** in 
thodochrosite. This is particularly interesting since the temperature of 
decomposition is necessarily related directly to the bonding energies in 
the lattice. Since the shift in peak temperature on a thermal curve is more 
pronounced than the corresponding shift in the high angle lines of the 
x-ray pattern, differential thermal analysis is an expeditious technique 
for detecting this phenomenon. This is particularly true of carbonates 
that contain more than 60% “impurity.” 

If a single carbonate ion surrounded by its nearest neighbor cations is 
considered, it is evident that the temperature of decomposition will be 
directly dependent upon the strength of the cation-carbonate bond. De- 
composition will occur at the temperature at which the internal energy of 
the carbonate ion just exceeds the bonding energy, thus freeing the CO2 
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molecule. Further, the cation-carbonate bonds progress in strength from 
siderite through rhodochrosite and magnesite to calcite, since each suc- 
ceeding mineral has a higher decomposition temperature. 

This is illustrated by comparing the thermal behavior of magnesite 
and dolomite (Faust, 1944). Magnesite decomposes with a single exo- 
thermic peak into periclase (MgO). The temperature of the lower endo- 
thermic peak of dolomite is about a hundred degrees above that of mag- 
nesite and is due to the decomposition of dolomite into periclase and fine 
calcite. The carbonate ion most closely associated with the magnesium 
ion in the dolomite lattice, therefore, due to the calcium-carbonate bonds, 
has additional stability over the carbonate ion in magnesite. 

From this it follows that the random substitution of calcium or mag- 
nesium ions for manganese ions in the rhodochrosite lattice will strengthen 
the cation-carbonate bond and thereby increase the decomposition 
temperature. Furthermore, since the lattice is sufficiently open to allow 
substitution of calcium for manganese ions without introducing ap- 
preciable strain, a continuous shift of decomposition temperature from 
pure rhodochrosite to pure calcite is to be expected. In the present study, 
endothermic peak shifts indicate substitution of calcium for manganese 
ions to the extent of approximately 40%. Further, a specimen of man- 
ganocalcite from Franklin, New Jersey, which probably contains about 
10% Mn** in Ca** positions (estimate based on shift in x-ray diffraction 
lines compared with patterns obtained by Krieger on analyzed material) 
showed a shift of about 30° downward in the endothermic peak tempera- 
ture. By analogy, specimens in which iron has substituted for manganese 
will show lowered endothermic peak temperatures, and magnesium for 
manganese substitution likewise will result in raised peak temperatures. 
Such substitution in the natural rhodochrosite specimens has been ob- 
served by means of shifts both in x-ray diffraction lines and peaks in 
thermal curves. 

A tabulation of data on a selected group of rhodochrosite-mangano- 
calcite specimens illustrating this substitution phenomena is given in 
Table 1. The shift in x-ray diffraction lines js consistent with the chemical 
and thermal data. With increasing Ca** substitution, the thermal curve 
peaks are shifted upward in temperature and the x-ray lines move from 
the rhodochrosite to the calcite positions. 


IV. THERMAL CURVES OF RHODOCHROSITE-CARBONATE MIXTURES 


Artificially prepared mixtures of rhodochrosite with other carbonates 
were tested thermally in order to study the extent to which the per- 
centage composition of naturally occurring intergrowths of rhodochrosite 
with other carbonates could be determined by means of differential 
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TABLE 1 

Approximate cation composition* Endo. Se 
thermic outer- 

Specimen peak most 
Cast Mgt+ Fet+ Mnt+ tempera- eons 
ture a line 

(Ideal rhodochrosite) —~ — _- (100%) | (615° C.) — 
Oberneisen, Nassau — Trace — 100% ub? (S. 1.001 
Butte, Mont. #2 5-10% — 10% 80% 640° C. 1.000 
Butte, Mont. #1 10-15% — 5% 75% 660° C. 1.001 

(2nd peak) 
Whitehall, Mont. 15-20% — 5% 75% 670° C. 1.003 
Cummington, Mass. 30% — — 10% 730° C. 1.017 
Franklin, N. J. 90% — —- 5-10% 935 aC 1.024 
(manganocalcite #5) 

(Iceland spar) 100% os — — 990° C. 1.045 


* Determined by semi-quantitative semi-micro methods using known mixtures as 
standards. The error is estimated to be +5% below 30% and +10% above 70%. 


thermal analysis. The resulting thermal curves are reproduced in Figs. 
3,.4,-and 5. 

Figure 3 shows the curves obtained from mixtures of Lake County, 
Colorado, rhodochrosite (80-200) mesh with chemically pure calcium 
carbonate powder. 

#1 90% MnCO;—10% CaCO; 
#2 75% MnCO;—25% CaCO; 
#3 60% MnCO;—40% CaCO; 
#4 40% MnCO;—60% CaCO; 
$5 25% MnCO;—75% CaCO; 
#6 10% MnCO;—90% CaCO; 


The endothermic peak temperature lowered progressively from 592° C. 
with 90% MnCoO; to 550° C. with 25% MnCO;. The peak temperature 
decreased more rapidly in the low MnCO; range than in the high. The 
lowering effect of impurity on the endothermic peak temperature may be 
seen equally well in the case of the CaCO; peak. 

No rhodochrosite peak was obtained for the 10% MnCO;—90% 
CaCO; mixture, yet an appreciable CaCO; peak occurred for the mixture 
with 10% CaCOs. (See curve #6.) The explanation of this appears to be 
quite simple. Similar phenomena have been observed with siderite ground 
to the same fragment size (80-200 mesh). When the rhodochrosite is 
diluted to the point where the oxygen in the air spaces immediately sur- 
rounding a rhodochrosite fragment is sufficient to oxidize completely the 
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Fic. 3. Differential Thermal Curves of Mixtures of Rhodochrosite with C.P. 
Calcium Carbonate. 
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Fic. 4. Differential Thermal Curves of Mixtures of Rhodochrosite with Dolomite. 


206 J. L. KULP, H. D. WRIGHT, AND K. J. HOLMES: 


Degrees Centigrade 


500 700 


\% SIDERITE 
© |x RHODOCHROSITE 


° 


Fic. 5. Differential Thermal Curves of Mixtures of Rhodochrosite with Siderite. 
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MnO formed from its decomposition, the oxidation reaction immediately 
follows the decompositlon. Since the energy changes involved in both 
processes are about equal but in opposite directions, the effects cancel out 
and the thermal curve shows no peaks. Presumably, if the thermal 
analysis of a 10% rhodochrosite sample were run in an atmosphere of 
COz, an endothermic peak with the appropriate amplitude would be ob- 
served. This effect should vary with the nature of the foreign constituent 
and the particle size. 

The slight endothermic peak at 940°-950° C. in curves #1 and #2 is the 
same as that appearing in the Lake County #1 curve, Fig. 6. 

A similar series of mixtures with Iceland spar ground to 200 mesh gave 
analogous results. The most striking difference is the fact that the ex- 
tremely fine CaCO; powder (chemical precipitate) gives an endothermic 
peak at 938° C. as compared to 950° C. for Iceland spar ground to 200 
mesh in 90% calcite mixture. 

The curves obtained from the mixture of Lake County rhodochrosite 
with Oberdorf, Styria, dolomite are grouped in Fig. 4. 

Al 90% MnCO;—10% Ca,Mg(COs) 
#2 70% MnCO;—30% Ca,Mg(COs) 
#3 50% MnCO;—50% Ca,Me(CO;) 
#4 30% MnCO;—70% Ca,Mg(COs) 


The rhodochrosite endothermic peak shifts from 620° C. for 90% 
MnCO; to 613° C. for 50% MnCO3. In the 30% rhodochrosite mixture 
no appreciable rhodochrosite peak appeared for reasons given above. The 
upper dolomite peak shifts from 885° C. for the 19% dolomite mixture to 
930° C. for 70% dolomite, whereas the lower dolomite peak temperature 
increases only about 20° C. with increasing concentration in the same 
range. The small endothermic and exothermic dips occurring at 500° 
550° C. in the first three curves are due to an impurity in the rhodo- 
chrosite used. The specimen was from Lake County, Colorado, as was 
that used for the CaCO ; mixtures, but probably contained more FeCOs. 
The small endothermic dip occurring at 980° C. is probably the same as 
that found in the MnCO;-CaCO; mixture runs, and is believed due to 
an unidentified impurity in the rhodochrosite. 

MnCO3-FeCO3; Mixtures. The curves for mixtures of Lake County 
rhodochrosite with Roxbury, Connecticut, siderite are reproduced in 
Fig. 5. 

#1 90% MnCO;—10% FeCOs 
#2 70% MnCO;—30% FeCOs 
#3 50% MnCO;—50% FeCOs 
#4 30% MnCO;—70% FeCOs 
#5 10% MnCO;—90% FeCO; 
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The thermal curve of siderite is the most similar to that of rhodo- 
chrosite of all the carbonate curves. (This is to be expected from the 
close similarity in ionic radii and lattice constants.) The endothermic 
peak of the siderite curve occurs about 50° C. lower than that of rhodo- 
chrosite. 
Because the shapes of the curves and the peak temperatures are so 
closely similar for the two components, the result is a blending of the 
two with only a suggestion of two peaks where the percentages of the two 
components are approximately equal. Curves #2, #3, and #4, Fig. 5, show 
considerable broadening near the peak. A progressive lowering of peak 
temperature from 615° C. with 90% rhodochrosite to 591° C. with 90% 
siderite is seen. The exothermic bulge at about 810° C. in #4 and #5 is due 
to an unidentified impurity in the siderite. The exothermic peak follows 
the downward trend with the endothermic peak. 
In summary, mixtures of rhodochrosite with other carbonates produce 
thermal curves which show the following general characteristics: 
(1) ‘‘Mixture” curves are a combination of the curves typical of each component. 
(2) The greater the amount of impurity present, the lower the temperature at which 
the endothermic (and generally the exothermic) peak occurs (Kerr and Kulp, 1947). 

(3) The lowering of the endothermic peak temperature is not a linear function of the 
amount of impurity present, but is greater for a given change in amount of impurity 
where the amount of impurity is large, than for the same change where the amount 
of impurity is small. 

(4) The area under the endothermic or exothermic peak is roughly proportional to the 

amount of the constituent producing this peak (Kerr and Kulp, 1947). 


V. THERMAL CURVES OF RHODOCHROSITE 


A. General. For the rhodochrosite specimens tested, a range in endo- 
thermic peak temperature of 609° C. to 724° C. was found, but only one 
specimen showed a peak temperature higher than 667° C. Considerable 
variation in exothermic peak temperature was observed, which was not 
surprising in view of the variability of conditions affecting the exothermic 
reaction, discussed previously. 

Variations in the endothermic peak temperature are traceable to two 
major factors: (1) replacement of Mn++ by other cations such as Fet+, 
Ca** and Mg** in the crystal lattice, and (2) the presence of thermally 
active or inactive impurities.* As pointed out earlier, substitution may 
elevate the endothermic peak temperature, as in the case of the Mg++ 
and Cat** ions, or lower the peak temperature, as with the Fe++ ion. It 
has been shown by other workers (Kerr and Kulp, 1947), (Speil, Berkel- 


* Throughout this discussion the term ‘‘impurities” will refer to mechanically admixed 


foreign constituents in the rhodochrosite specimens, not to cations substituting in the 
rhodochrosite lattice. 
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hamer, Pask and Davies, 1945), (Cuthbert and Rowland, 1947) that the 
presence of impurities invariably results in a lowering of endothermic 
peak temperatures. The difficulties in duplicating conditions of packing 
and maintaining thermocouple head sensitivity and geometry, impose a 
limit of error which probably does not exceed +5° C. in peak tempera- 
ture. 

B. Discussion of Individual Curves. Figures 6 and 7 show the thermal 
curves for the most interesting and typical rhodochrosites. They will be 
discussed successively in the following section. 

Lake County, Colorado. 

The three specimens tested yielded endothermic peaks of similar shape 
and amplitude, with the peak temperatures spread over a relatively small 
range, 8° C. Fe++ was found in appreciable quantity (estimated 10-30% 
of cations) by qualitative chemical analysis. The double exothermic peak 
of #3 cannot be satisfactorily explained at present. It may be due to the 
formation and decomposition of an Fe-Mn oxide complex. The endo- 
thermic dip at about 850° C. in samples #2 and #3 is probably due to a 
small percentage of included calcite. 

Saguache County, Colorado 

This sample showed a double endothermic peak, with the lower peak 
at 652° C., the upper at 698° C. Even the lower of the twin peaks is at a 
temperature considerably higher (25° C. to 30° C.) than the peak tempera- 
tures of the Lake County samples, and the upper peak is well out of the 
general range found to be characteristic for rhodochrosite. Qualitative 
chemical analysis indicated the presence of Ca++, Mg** and Fe** ions in 
appreciable quantities. It is estimated that Ca** is the principal substitu- 
tion ion in the Mn** positions in the lattice, possibly to the extent of 
25%. The double peak indicates an intergrowth of two rhodochrosites of 
different compositions. Ca++ and Mgt* substitutions are possible in both 
constituents, but Fe+* is probably prominent in the lower member. It is 
suggested that the lower member is at least a tricomponent rhodochrosite 
(Ca, Fe, Mn) while the higher member is at least a di-component (Ca, 
Mn) rhodochrosite. An intergrowth of two closely similar substituted 
rhodochrosites is also indicated by the abnormal line broadening ap- 
parent in the high angle lines of the x-ray patterns. The exothermic 
peak does not occur until the second rhodochrosite is decomposed due to 
the fact that the decompositions overlap and oxygen cannot readily get 
to the sample until the evolution of CO» has ceased. 

Park County, Colorado 

The curve is regular and indicates no appreciable impurity. The endo- 
thermic peak temperature of 664° C. is high for rhodochrosite. Qualita- 
tive chemical analysis ‘showed, besides Fe, an appreciable amount of the 
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Mgt+ ion. Since there is no appreciable irregularity in the shape of the 
curve, the magnesium probably occupies manganese positions in the lat- 
tice, and this would account for the upward shift in endothermic peak 
tempeature. On the basis of the absence of lines due to magnesite in the 
x-ray patterns it is believed that Mg++ substitution in the rhodochrosite 
lattice is a more probable explanation of the chemical results than an 
intergrowth of magnesite and rhodochrosite. 

Austin, Nevada 

This curve is similar to that given by the Lake County sample in gen- 
eral shape and endothermic peak temperature, although the exothermic 
peak is not as sharp and occurs at a higher temperature. An endothermic 
dip occurs at approximately 575° C. and is possibly due to siderite im- 
purity. Semi-quantitative analysis indicated the presence of calcium, 
representing about 10-20% of the cation positions in the lattice. This 
accounts for the high endothermic peak temperature (666° C.). Lines in 
the x-ray diffraction pattern are shifted toward calcite, but no siderite 
lines were detected. 

Branchville, Connecticut 

This material gave an exceedingly narrow, sharp endothermic peak, 
indicative of uniform grain size. No significant irregularities appear. 
Qualitative chemical analysis showed the presence of moderate Cat? and 
Fet++, which probably substitute for manganese in the lattice. The endo- 
thermic peak is only slightly increased due to the counterbalancing effect 
of Fet* and’ Cat: 

Cummington, Massachusetts 

The curve produced by this material is remarkable for the high endo- 
thermic peak temperature, 724° C. Qualitative chemical analysis indi- 
cates that a large amount of Ca** (estimated 35%) is present; in fact 
more than in any of the other specimens tested. The high endothermic 
peak temperature indicates that the Ca** ion probably occupies Mn++ 
lattice positions, representing approximately 35% of the total Mnt+ 
lattice positions. The small size of the exothermic peak may be attributed 
at least in part to Catt for Mn** substitution, since the calcium oxide 
remaining after decomposition of calcium carbonate is not oxidized to a 
higher valence state of the cation as is manganous oxide (MnO). The 
smaller endothermic area may be attributed in part to the presence of 
inert impurities, whose presence was indicated by the fine-granular na- 
ture and brownish color of the material. 

Butte (including Whitehall), Montana 

The unusual breadth of the curve across the base line and the changes 
in slope along the lower temperature side of the endothermic part of the 
curve possibly reveal another case of two intimately intergrown rho- 


ee 
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dochrosites in the cases of the Butte #1 and Whitehall specimens. These 
were shown by qualitative analysis to have a strong Fet++ content and 
moderate Mg**. It is suggested that the low temperature variety is 
(Fe-Mn) and the high temperature member (Mn-Mg). The presence of 
Fe*+ was indicated for Butte #2 and #3. The Fe++ and Mg++ may be 
assumed to be present in the lattice rather than in an impurity since the 
the thermal curve shows no appreciable irregularities. 

The specimen used for the exothermic peak studies, Figs. 1 and 2, 
came from the Anaconda Mine, Butte, Montana. Instead of a single 
endothermic peak, a doublet is apparent. Since the area under the curve 
is essentially the same as the single peak rhodochrosites and the qualita- 
tive chemical analysis indicates moderate concentration of Fe++ and 
Mg** as foreign cations, it seems probable that this specimen is an in- 
timate intergrowth of Fe-rhodochrosite and Mg-rhodochrosite. This 
hypothesis is consistent with the mottled appearance of the specimen. 
The x-ray diffraction photograph shows abnormally broad lines, but only 
rhodochrosite lines. This is not the case in a diffraction pattern of a 
single rhodochrosite exhibiting substitution in its lattice. Further, a 
sample of this material was heated to 610° C. and cooled quickly. Ac- 
cording to the explanation given above, this should have essentially de- 
composed the lower temperature Fe-rhodochrosite but left the higher 
temperature Mg-rhodochrosite. An x-ray diffraction pattern of the resi- 
due yielded the lines of hausmannite (the normal decomposition product 
of rhodochrosite) and sharp lines of rhodochrosite shifted slightly toward 
the low angle range of the film compared to those of Lake County rhodo- 
chrosite. The above hypothesis appears to account satisfactorily for this 
interesting rhodochrosite doublet. 

The lower peak may be due to manganoan siderite rather than to 
ferroan rhodochrosite. However, the x-ray diffraction lines more closely 
approximate rhodochrosite than siderite. 


Stassfurt 
This curve approaches the ideal for rhodochrosite. The narrow, sharp 


endothermic peak occurs at 612° C., and is followed by a typical exo- 
thermic peak with no irregularities. A trace of Mg** as well as Fett ap- 
peared in the qualitative analysis but no effect can be seen on the thermal 
curve. This is to be expected for quantities of the substituting ions under 
50%. When they occur as admixed impurities, the presence of even 5% is 
sometimes observable on the thermal curve as shown by the calcite in the 
Lake County specimen. On the basis of chemical and thermal analysis, 
this specimen appears to be the purest rhodochrosite studied. 


Staffel, Bavaria 
The peaks produced by this material are broad and of small amplitude. 
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The flat-topped exothermic peak is unusual and is believed to be due to 
the relatively lower position of the thermocouple in the sample holder 
used. The greater difficulty of penetration by oxygen may account for 
the broadening and flattening of the exothermic peak. Qualitative 
analysis indicated an appreciable amount of Fe**. 

Oberneisen, Nassau 

Like the Stassfurt specimen, this material closely approximates the 
type curve. The sharp endothermic peak occurs at 616° C. and is fol- 
lowed by a relatively sharp exothermic peak. Qualitative analysis in- 
dicates appreciable Fet+ content, and a trace of Ca.t+ The amount of the 
latter probably is too small to affect the curve. 

Lahnstein, Prussia 

The curve produced by this specimen shows an endothermic peak at 
609° C. followed by an exothermic peak which is typical except for the 
slight endothermic dip at the peak. Another slight endothermic dip at 
about 975° C. cannot be accounted for by the qualitative chemical data, 
which shows only a trace of Cat* but appreciable Fe** content. 

C. Type Thermal Curve for Rhodochrosite. The thermal reaction in 
rhodochrosite which is responsible for the endothermic peak is the break- 
down of the crystal structure, which involves the absorption of heat 
energy. Carbon dioxide is evolved and a low valence manganese oxide is 
formed. This is subsequently oxidized to a higher valence manganese 
oxide (hausmannite) and the heat liberated in the process is responsible 
for the exothermic peak (Beck, 1946). The areas under the peaks are a 
measure of the energy transformations involved. 

The type thermal curve for rhodochrosite may be derived by the 
analysis of the mineral specimens already discussed. The purity of the 
specimen tested, as indicated by qualitative chemical analysis, x-ray 
powder patterns and optical study, and the size, shape and temperature 
of the endothermic and exothermic peaks of the differential thermal 
curve, are significant in determining the ideal rhodochrosite curve. 

No specimen of pure rhodochrosite was sampled. Microscopic examina- 
tion indicated that most of the specimens contained little impurity aside 
from other carbonates. All specimens except three showed some iron; in 
most, it was estimated to make up approximately 5-20% of the cations 
present. A number of samples showed iron as the only foreign cation. Of 
these, only two on the basis of the shape of the curve and the optical data 
appeared to be suitable as standards. Several others, especially Lake 
County #1 and #2 and Butte #2 showed smooth thermal curves with 
large amplitudes. These minerals, however, gave evidence of substitution 
in the lattice as shown by the upward shift of the endothermic peak and 
the semi-quantitative chemical analysis. 

The Stassfurt and Oberneisen specimens, which appear of highest 
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purity and whose thermal curves probably approximate the ideal rhodo- 
chrosite curve, are shown in Fig. 7. Qualitative analysis of the material 
from these localities showed only a trace of iron in the Oberneisen speci- 
men and traces of Fe+* and Mgt* in the Stassfurt specimen. Both curves 
are remarkable for smoothness and regularity. Their peaks occur in the 
lower part of the rhodochrosite range at 612° C. for the Stassfurt speci- 
men, and 616° C. for the Oberneisen specimen. Since Fe++ in small but 
appreciable quantities does not affect the thermal curve peak to any 
noticeable extent, it may be assumed that these specimens give thermal 
curves that are close to pure MnCO3. 

In summary, it appears that an ideal rhodochrosite thermal curve 
shows a sharp endothermic peak at about 615° C., followed immediately 
by a somewhat less sharp exothermic peak in the range of 690° C. to 
735° C. and a generally smooth, regular form. The exothermic peak 
temperature depends largely upon the geometry of the thermocouple. 
The high temperature side of the endothermic peak is much steeper than 
the low temperature side, which is characteristic of carbonates in general. 
In contrast, the low temperature side of the exothermic peak is steeper 
than the high temperature side. Finally, the temperature at which the 
curve breaks for the endothermic peak is fairly constant for specimens of 
high purity and uniform grain size. 

D. Manganocalcite. A group of manganocalcite specimens from 
Franklin, New Jersey, was examined for fluorescence, manganese con- 
tent, color after heating to 1020° C., and thermal peak temperature. The 
results, summarized in Table 2, show a continuous downward shift in 
thermal peak temperature with increasing Mn content as qualitatively 
determined by controlled borax and soda bead tests and color of the 
powder after heating. Specimen #5 in the table indicated the highest per- 
centage of Mn*+. An x-ray diffraction pattern of this specimen showed 
an appreciable shift of the lines toward rhodochrosite. (See Table 1.) 

Conditions were maintained approximately constant in determining 
the fluorescence intensity, the concentration of Mn** by bead tests and 
the thermal curves. A quartz-mercury lamp with a filter to eliminate 
the visible part of the spectrum from the source light was used. 

W. L. Brown (1934) studied the fluorescence of manganocalcite as a 
function of manganese content. He showed that weak fluorescence was 
observable at 0.1% manganese, the maximum was reached at about 3.5%, 
was weak again at 10% and absent at 17%. This is consistent with the 
data in Table Z. An assumption of 10% manganese in specimen #5 on the 
basis of the shift in the x-ray diffraction lines is quite reasonable both in 
terms of the thermal curve shift, the fluorescence intensity, and the 
qualitative analysis. 

That the fluorescence phenomena should go through a maximum while 
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TABLE 2. MANGANOCALCITE SPECIMENS, FRANKLIN, N. J. 
ual. 
aa Color after eae 
No. Description But Analysis heating to f pee 
rescence Réead 1020° C. emper- 
ature 
Tests 
Iceland | clear transparent none no Mn white 990° C. 
spar 
#2 with zincite very weak | no Mn cream 980° C. 
#3 coarsely crystalline 
with garnet weak trace light brown 7 (0a On 
#1 minor franklinite and 
willemite moderate | trace-weak| light brown O75uCe 
#6 white without other 
minerals moderate | weak medium brown | 975° C. 
#4 coarsely crystalline 
spotted with willem- 
ite strong moderate | chocolate brown | 960° C. 
#5* | minor willemite weak strong dark brown 935° C. 
rhodo- ; 
chrosite | Lake Co., Colo. none — black pl (Ee 


* This specimen, American Museum of Natural History No. 10964, is estimated to 
have 5-10% Mn in cation position. 


the thermal peak and «x-ray line shifts appear to be linear is readily ex- 
plained by the mechanism of the fluorescence postulated by Brown. 

“Tf only a few atoms of manganese occupy similar positions to the 
calcium atoms in the crystal structure, their influence would be very 
small on the crystal as a whole and the atomic spacing would be practi- 
cally that of pure calcite. This would produce a state of unstable equilib- 
rium in the manganese atom, as it would occupy a larger space than it 
would require when in equilibrium in its own rhodochrosite structure. 
. .. As the number of replacing manganese atoms increases, it would be 
expected that the fluorescent emission would rapidly increase. With a 
further increase of replacing manganese atoms, however, there is a 
gradual shrinkage of the crystal structure, allowing the manganese atom 
less and less freedom for the separation of the electrons.” 

Finally a condition of stability would be reached in which fluorescence 
would no longer occur. Experimentally this occurs when roughly 20% 
of the calcium positions have been taken by manganese atoms. 

In the course of this investigation several other ““manganocalcites” 
were run from Franklin, New Jersey, Nordmark, Sweden, and Elbin- 
gerode, in the Hartz. These specimens proved to have several com- 
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ponents including dolomite or ankerite. Peaks corresponding to man- 
ganocalcite with Mnt* occupying up to 25% of the cation positions were 
distinguishable. The manganocalcite peaks had the following values 
which were qualitatively consistent with the concentration of manga- 
nese detected by bead tests: Nordmark 915° C., Franklin 880° C., and 
Elbingerode (labelled “‘rhodochrosite’’) 780° C. 

Therefore, it seems that the substitution of Cat+ for Mnt+ is con- 
tinuous from rhodochrosite to calcite and this substitution results in a 
continuous shift of the «-ray lines and in a single endothermic thermal 
curve peak. A double endothermic peak clearly indicates the presence 
of more than one carbonate mineral. 

The ‘‘d”’ values for some of the strong lines in the x-ray diffraction pat- 
terns of the samples, selected on the basis of the thermal and chemical 
data, as representative of various positions in the calcite-rhodochrosite 
series, have been computed. Although the line positions throughout each 
pattern exhibit measurable deviations from the positions of correspond- 
ing lines in the other patterns of the series these variations become more 
conspicuous in the outer “high angle” range. In Table 1 the calculated 
““d”? values for the outermost strong high angle line in each pattern is 
given. The figures indicate a correlation of the x-ray data with that ob- 
tained from the thermal and semi-quantitative chemical studies. 


VI. CONCLUSIONS 


A study has been made of the differential thermal curves yielded by 
specimens of rhodochrosite and manganocalcite. Variations in curves 
have been critically examined in the light of «-ray, chemical, and optical 
data. The effect on the thermal curves of rhodochrosite produced by 
cation substitution in the crystal lattice has been investigated. The 
curves obtained from artificially prepared two-component mixtures of 
rhodochrosite with other carbonates have been analyzed for effects pro- 
duced on the thermal curve by carbonate impurities. 

The following conclusions have been reached on the basis of the above 
data. 

1. In the examination of rhodochrosite by differential thermal analysis 
optimum results will be obtained if the following precautions are ob- 


served: 


(1) The fragment size should be restricted (minus 80, plus 200 mesh proved satisfac- 
tory) to obtain consistent thermal curves; larger fragments tend to raise the endo- 
thermic reaction temperature while smaller fragments tend to lower it appreciably. 

(2) In order to obtain reproducible exothermic peaks, the cover on the sample holder 
should be raised somewhat to allow free circulation of air. Furthermore, the 
geometry of the thermocouple head must be constant from one run to the next. 
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2. For the sixteen specimens tested, a range in endothermic peak 
temperature of 609° C. to 724° C. was found. Only one specimen showed 
a peak temperature higher than 667° C., and the majority showed endo- 
thermic peaks in the lower part of the range (609° C. to 635° C.). 

3. The temperature at which the endothermic peak appears depends 
on the amount of substitution of Ca, Mg, and Fe for Mn in the lattice, 
and to a smaller extent on the concentration of the mechanically ad- 
mixed impurities present. Ca and Mg tend to raise the endothermic peak 
temperature because substitution of Ca or Mg for Mn strengthens the 
cation-carbonate bond, and consequently a greater amount of energy is 
required to destroy this bond. For analogous reasons, substitution of 
Fe for Mn tends to lower the endothermic peak temperature. 

4. The thermal curves of the Oberneisen, and Stassfurt specimens 
most closely approach the theoretical curves for pure rhodochrosite. This 
theoretical curve has a sharp endothermic peak at about 620° C., followed 
immediately by a less sharp exothermic peak. The areas under the two 
peaks are of the same order of magnitude. 

5. Two-component mixtures of rhodochrosite prepared in varying 
proportions with calcite, dolomite and siderite showed: 

(1) A combination of the curves typical for each component. 

(2) A decrease in endothermic peak temperature with increasing foreign constituent. 

(3) A greater decrease in endothermic peak temperature per unit change in percentage 

composition in the high percentage impurity range than in the low percentage im- 
purity range. 

(4) A direct relationship between area under the peak and percentage composition of 

the constituent responsible for the peak. 


Thus a specimen containing intimately intergrown calcite and rhodo- 
chrosite can readily be distinguished from a specimen of rhodochrosite 
which has appreciable calcium substituting for manganese. The former 
would show two endothermic peaks of decreased amplitude and peak 
temperature. The latter would show a single peak well above that for 
pure rhodochrosite. 

The thermal results obtained from mixtures of rhodochrosite with 
other carbonates indicate that it is possible to determine the percentage 
composition of a mixture within about 10-15% by noting the size of the 


endothermic and exothermic peaks, and the temperatures at which they 
occur. 
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WHAT IS A MINERAL? 


ALEXANDER N. WINCHELL, 


Emeritus Professor of Mineralogy, 
University of Wisconsin. 


During the nineteenth century minerals were considered to be natural 
inorganic substances of definite chemical composition. This was the view 
of practically all mineralogists' of all countries. During the last fifty 
years this view has been modified slightly so that now a mineral is said 
to have a composition which is expressed in a definite formula’, but 
varieties are recognized which involve variations from that formula. In 
the opinion of the writer this view is a decided improvement over the 
older one, but is still not satisfactory. An attempt will be made in the 
following paragraphs to explain the reasons for this opinion. 

A mineral should not be defined in terms of any simple formula be- 
cause the formulas assigned to most minerals give the composition only 
approximately and two samples of the same mineral only very rarely 
have exactly the same composition. Even a single crystal of one mineral 
may vary considerably in composition (and properties) in crystals show- 
ing zonal growths. Indeed, two zones in a single crystal of one mineral 
such as plagioclase may differ in composition so much that one zone cor- 
responds approximately with one formula while another zone in the 
same crystal corresponds approximately with a different formula. 

It is well known that many minerals cannot be defined even approxi- 
mately in terms of composition alone. Thus, at least three different 
minerals (adularia, sanidine, and microcline) have approximately the 
composition, KAISi;0s, and at least six (a- and $-quartz, a- and B- 
tridymite, and a- and 6-cristobalite) have more or less exactly the com- 
position SiOz. 

According to common usage at the present time, many minerals, such 
as labradorite, chrysolite, hypersthene, clinochlore, actinolite, and 
aegyrinaugite are merely arbitrarily defined portions of some series of 
system of continuous variation in composition. 

The name of a mineral should be the name of a natural unit and not 
the name of something which has arbitrary and artificial boundaries. It 
is quite true that these arbitrary and artificial boundaries are useful, 
and names defined by such limits are desirable at least in some cases; 
but such names should be recognized as the names of varieties and not 
as the names of mineral species. 


* The only exception known to the writer is G. Tschermak who held that plagioclase 
illustrated continuous variation in composition from NaAlSizOs to CaAloSipOs. 
* See, for example, Dana’s System of Mineralogy, 7th Ed. Vol. 1 (1944). 
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The writer would define a mineral species as a crystalline phase? found 
In inorganic nature. 

In certain rare cases the phase is not crystalline, as illustrated by 
(amorphous) opal and (liquid) mercury and water. Rogers? has suggested 
that amorphous types should be called ‘‘mineraloids”; if this idea is 
adopted it still leaves the liquid types as minerals which are not crystal- 
line. But such examples are so rare that they may reasonably be regarded 
as exceptions which do not make it necessary to change the definition. 

It is well known that a crystalline phase may vary in composition; 
in some cases the amount of variation which is possible is only slight, 
but in other cases, continuous variation is possible in any amount from 
0 to 100 per cent leading from one chemical formula to another different 
formula; more than one kind of variation is often possible, sometimes to 
the same unlimited extent. Such continuous variation does not change 
one phase into another phase. In the same way all these variations 
should be included as one mineral, no matter whether that means that 
the composition of the mineral can be expressed (at least approximately 
by one formula or that two or even many formulas are necessary to ex- 
press it. 

It is clear that, as thus defined, the term mineral includes all “‘or- 
ganic’? compounds, such as carbonates, oxalates, etc., which are found 
in Inorganic nature (whether or not they are also found in living organ- 
isms). 

This definition of a mineral is not yet widely accepted, although it 
seems to be gradually growing in favor. It may be worth while to review 
briefly some of the effects of its acceptance on mineralogical nomen- 
clature. It is interesting to find that some minerals (as thus defined) 
have names accepted by all, while others have no names. The oldest ex- 
ample of such a name is plagioclase which was used in this sense (and 
not as the name of a group of minerals) by Tschermak more than fifty 
years ago. Another familiar example is olivine, though to many mineral- 
ogists that is still considered to be the name of a group of minerals rather 
than the name of one mineral species. 

On the other hand orthoclase, as at present used, is one name for at 
least two minerals, namely, adularia, and sanidine. 

The following list gives examples of minerals and some of their varieties 
according to this definition: 


3 As suggested by M. N. Godlevsky, Min. Abst., 7, 208 (1939). For a definition of phase 
see, for example, A. Findlay’s Phase Rule, 8th Ed. (1938), or F. H. Getman and F. Daniels’ 
Outlines of Physical Chemistry, 7th Ed. p. 308 et. seq. (1941). 

4A. F. Rogers, Am. Mineral., 21, 194 (1936). 
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" . End-members (and some 
Species Subspecies intermediate formulas) 
Gold Au 
Electrum® Se Ag 
Cc 4 Chlorargyrite AgCl 
rare Bromargyrite AgBr 
arc ; Tetrahedrite CuyoZn2Sb4Si3 
de eg Ae Tennantite CuyoZn2AsiSig 
Geikielite MgTiO; 
Iimenite Crichtonite FeTiO; 
Pyrophanite MnTiO; 
Talcspinel MgAl;O, 
Hercynite FeAl.O, 
Spinel Chromite FeCr.0,4 
Picrochromite MgCr2O4 
Gahnite ZnAlz,O4 
Magnetite proper FeFe.0, 
: Magnesioferrite MgFe0,4 
Magnetite Jacobsite MnFe;0, 
Franklinite ZnFe,O4 
_|Columbite proper FeCb20¢ 
2 Mangancolumbite MnCb,05 
Cole Tantalite FeTa20¢ 
Mangantantalite MnTa20¢ 
Magnesite MgCO; 
Siderite FeCO; 
Brownspar? Rhodochrosite MnCoO; 
Smithsonite ZnCO3 
Spherocobaltite CoCO; 
Magnesiodolomite CaMg(COs)e 
; Ankerite Ca(Mg, Fe)(CO;) 
Dolomit E 
tk Ferrcdolomite CaFe(CO,)2 
Mangandolomite CaMn(COs)2 
: Ferberite FeWO, 
Wolf 
ae fies MnWO, 


° Name suggested by Horace Winchell; designated “‘noble metal” in A. N. Winchell, 
Elements of Mineralogy, 225 (1942). 

° A. N. Winchell, Elements of Mineralogy (1942). 

7A. N. Winchell, Elements of Mineralogy (1942). Brownspar is simply a translation 
of the German name ‘‘braunspath.”’ 


Species 


Chalcanthite 


Melanterite 


Amblygonite 


Apatite 


Plagioclase 


Muscovite 


Lepidolite 


Biotite 


Chlorite® 
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Subspecies 


Siderotil 
Iron Melanterite 
Boothite 


Hebronite 
Montebrazite 


Chlorapatite 
Hydroxylapatite 
Fluorapatite 
Svabite 
Ellestadite 


Albite 
Oligoclase 
Andesine 
Labradorite 
Bytownite 
Anorthite 


Muscovite proper 
Ferrimuscovite 
Picrophengite 
Ferrophengite 


(Polylithionite 
Paucilithionite 
Protolithionite 


Phlogopite 
Eastonite 
Siderophyllite 
Annite 


Antigorite® 
Amesite!® 
Daphnite 


{ Copper chalcanthite 


Cobalt chalcanthite 


End-members (and some 
intermediate formulas) 


CuSO, 2 5H.2O 
FeSO, : 5H,0 
CoSO,: 5H:0 


FeSO, G 7H,O 
CuSO;: 7H2O 


LiAIFPO, 
LiAIOHPO, 


CasCIP;O12 
Ca;OHP;0,2 
CasFP30,2 
Ca;OHAs;Oj12 
Caj0(OH)2S3Si3024 


AbiooAno to AbgoAnio 
AbgoAnjo to Ab7zoAngo 
Ab7zoAngo to AbsoAnso 
AbsoAnso to Ab30An70 
Ab3zoAn70 to Abj;oAngo 
Aby;oAngo to AboAnyjoo 


KAl(OH),Si,A10;0 
KAIFe(OH).Si;A1Oj0 
KoMgAl3(OH),Si7AlO20 
K.FeAl; (OH),Si7A1020 


KeLisAle(OH,F),SisO20 
KyLi;Al;(OH,F),SisAlOoo 
KyLiFe,Al(OH, F).SisAl.O20 


K»Mg¢(OH)sSigA]l2O20 
KeoMg;Al(OH)«SisAl;O20 
K.Fe;Al(OH)4SisAl;O20 
KoFeg(OH)4SigAl2O20 


Mg.(OH) 3514010 
Mg.Al(OH) gSieAl,Or0 
FesAl,(OH) sSieAleOro 


8 Many intermediate varieties have been named, such as clinochlore, prochlorite, 


penninite, thuringite, etc. 
9 “Ferroantigorite,” Fes(OH)sSisOio, is a purely hypothetical end-member, being un- 


known in nature, even as an approximation. 


10 Amesite is a doubtful end-member of chlorite, having a structure resembling that of 
kaolinite according to J. W. Gruner: Am. Mineral., 29, 422 (1944). 
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; : End-members (and some 
Species Subspecies intermediate formulas) 
Leverrierite Al(OH) 49igO20 : 8H.O 
Beidellite Al (OH),SigsAl2013(OH)2 * 8H,O 
Name? Mg;Al(OH)Si7A1019(OH) - 11H,O 
‘llonite!! Name? Mg;A](OH)SigA],01s(OH)2- 11H2O 

Montnonuonte> Seiler pale Fe,(OH),SisOz0° 8H:0 
Canbyite(?) Fe,(OH),SigFe201s(OH)2 G 8H,0 
Name? Mg;3Fe(OH)Si7;FeO19(OH) - 11H20 
Name? Mg;Fe(OH) SigFe2013(OH) 2 ‘ 11H.O 
Enstatite MgsSiO; 

Enstenite Hypersthene (Mg,Fe)SiO; 
Ferrosilite FeSi0; 
Clinoenstatite MgsiO; 

; : Clinohypersthene (Mg,Fe)SiO; 

Citnoen stenite Pigeon (Mg, Fe,Ca)SiO; 
Clinoferrosilite FeSiO; 
Diopside CaMgSi.O¢ 
Augite Ca(Mg,Fe)Six0s with (Mg,Fe)2SizOs and 

AlsOg ri 
: Hedenbergite CaFeSizO¢ 
1 

OER ES Johannsenite CaMnSiOg 
Acmite NaFeSi.O¢ 
Jadeite NaAlSi.Og 
Tremolite CazMg5(OH)2SisOoe 
Actinolite Ca2(Mg,Fe)s(OH)2SisO22 
Ferrotremolite CazFes(OH) 2SisO22 
Tschermakite Ca2Mg3Alo(OH)2SigA]sO22 
Ferrotschermakite CaeFe3Alo(OH)2SigAlsOv2 
Edenite NaCaoMgs (OH) Si 7AlOo2 
Ferroedenite NaCazFe;(OH):Si7AlOz» 
Hastingsi te NaCa2Mg,Al (OH) 2SigAloOo2 
Ferrohastingsite NaCapFesAl(OH)2SigAloOo2 
Ferritremolite CagFe3Fe202SisOz2 

14 
oe Ferritschermakite CapFe(Al, Fe)sO02SigO22 


1 A. N. Winchell: Am. Mineral., 30, 510 (1945). 
! The last four formulas of montmorillonite are those of the probable end-members of 


nontronite. 


18 Some name seems to be needed for this mineral; clinopyroxene is not suitable since it 


would include clinoenstenite and spodumene. Augite is much the commonest subspecies, 
and the mineral includes not only augite, but also leucaugite, ferroaugite, magaugite, 
titanaugite, and aegirinaugite, so polyaugite seems an appropriate name (all the other sub- 
species being closely related to augite). 

4 Hornblende is so complicated that recognition of three groups of subspecies seems 
desirable—namely “common hornblende”=tremolite to ferrohastingsite, oxyhorn- 


blende=ferritremolite to ferrihastingsite and soda-hornblende=glaucophane to eckerman- 
nite. 


Species 


Tourmaline 


Melilite 


Pyralspite 


Ugrandite 


Olivine 


Scapolite 


Epidote 


WHAT IS A MINERAL? 


Subs pecies 


| Ferriedenite 
Ferrihastingsite 


Glaucophane 


Gastaldite 
Riebeckite 
Arfvedsonite 


Eckermannite 


Dravite 
Schorlite 
Elbaite 


Akermanite 
Gehlenite 
Hardystonite 


Pyrope 
Almandite 
Spessartite 


Uvarovite 
Grossularite 
Andradite 


Forsterite 
Chrysolite 
Fayalite 

Tephroite 


Marialite 
Meionite 


Clinozoisite 
Pistacite 
Piedmontite 


End-members (and some 


intermediate formulas) 
Na CapFe3Fe.0.Si 7A1O22 


NaCaeFeo(Al, Fe)302SigAl:Oo2 


Na2Mg;Al,(OH)>2SisOx 
NazCaMg;AloO,SisOo9 
Na;Mg;Al,OOHSisO2» 
NasMgAlO2SisOo» 
NapFe;’ 'Fe,’’’ (OH) 2SisOo2 
NazFe,’ "Fe!!! (OH)>SisO22 


ZA 


HiNaMg;B3AlsSieOx; 
H,iNaFe3B3Al6SigOs1 
H,Na (Li, Al) 3B3A]6SigO31 


CasMgSizO7 
CaeAlSiAlO;7 
CazZnSizO7 


MgsAlSizOye 
FesAlSisO12 
MnsAlSisOi2 


CagCr2SizsOi2 
CazAloSizO12 
CasFe2Siz012 


Mg2SiOu 

Fogo ayo to FozoF azo 
FeSiOg 

MnpsiOg 


NasClSigAl3004 
CasgC O; SisAl6Ox4 


CazAlg (OH) SizO12 
Cap(Al, Fe)3(OH)Siz012 
Caz(Al,Mn,Fe)3(OH)Si;012 


JasMgu(Al, Fe”) (OH,F)SisOon 
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A DEFINITION OF EUCLIDEAN 
GEOMETRICAL SYMMETRY* 


HENRI BADER, 


Bureau of Mineral Research, Rutgers University, 
New Brunswick, New Jersey. 


ABSTRACT 


A predominantly verbal definition of Euclidean geometrical symmetry is given in the 
form of a series of definitions, which are briefly discussed. Examples of non-operational 
statements corresponding to symmetry operations are formulated. Sufficiency of the 
definition is not proved. 


An understanding of the concepts of geometrical symmetry is of 
value to most scientists and of prime importance to mineralogists and 
physicists. Yet the student seeking a definition of geometrical symmetry 
most likely faces disappointment, particularly if he consults textbooks 
of mineralogy. There he will find either no definition at all or verbal 
ones which are at best vague and insufficient, at worst misleading. Col- 
lege students usually have a fair knowledge of Euclidean geometry, so 
there is no reason why they should not be given an adequate definition 
in terms with which they are familiar. 

The following definition of symmetry is given in the form of a series of 
definitions in an effort to satisfy the mandate of unequivocal statement. 

(1) A configuration is any collection of points in an Euclidean medium. (Line, plane or 
space.) 

(2) One-to-one correspondence between the points of two configurations C and C’ 
exists when each point of C’ corresponds to a single point of C and no two points of C’ cor- 
respond to the same point of C. (C and C’ then have the same number of points.) 

(3) A PrP’-relation is any relation defining a one-to-one correspondence between each 


point P of a configuration and a point P’ of the same configuration. (The configurations C 
and C’ are identical.) 


(4) A PrP’-relation is a symmetry-relation when the following three conditions are ful- 
filled: 


(a) The distance between any two points P, and Peis equal to the distance between the 
corresponding points P,’ and Py’. 

(b) At least one point P is not identical with its corresponding point P’. 

(c) Every point P is also a point P’. 


(5S) A configuration possesses the property of symmetry when it validates one or more 
symmetry relations. 


The first of the three conditions that make a PrP’-relation a symmetry 
relation needs no comment. The second condition excludes all generally 


* Published by permission of the Director, Bureau of Mineral Research, Rutgers 
University. 
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valid relations, i.e. relations which do not give any significant informa- 
tion. Thus the covering operation of rotation through 360° is not a sym- 
metry operation, the plane containing all the points of a configuration 
is not a mirror plane, and the line containing all the points of a configu- 
ration is not an axis of rotational symmetry. 

The third condition may be somewhat less easy to understand. It im- 
plies that every point can occur “at both ends” of a symmetry relation. 
Consider for instance the PrP’-relation ‘“‘P’ lies one inch to the right of 
P.” Being a member of the configuration, P’ is of course also a point P 
so that there must be a third point one inch to the right of P’, and so 
forth. We end up with a row of equally spaced points, starting at P and 
extending to infinity in a direction to our right. In this case our PrP’- 
relation is not a symmetry relation although it satisfies the first and 
second conditions. It is, however, a symmetry relation (translation) if 
the row of points also extends to infinity on our left. Now this extension 
is called for by the third condition, for if P is also a point P’, then it 
lies one inch to the right of another point of the configuration, which of 
course is located to the left of P, and so on. 

We can now easily formulate the symmetry relations corresponding 
to the simple operations of translation, rotation, reflection, and inversion. 

(1) The vector PP’ is parallel and equal to a given vector (direction 
and period of translation.) 

(2) P and P’ lie on a circle normal to and centered on a given line 
(axis of symmetry), and the angular rotation from P to P’ has a given 
value (angle of rotation) and a given sense (clockwise or counter-clock- 
wise). 

(3) The line through P and P’ is normal to a given plane (plane of 
symmetry) and the point of intersection with the plane bisects the line 
segment PP’. 

(4) A given point (center of symmetry) bisects the line segment PP’. 

Reflection and inversion are thus explicitly defined in non-operational 
terms, but the same is not true of translation and rotation. The bi- 
vectorial nature of translation is only implied by the above definition, 
as is also the irrelevance of the sense of rotation. Explicit definitions of 
translational and rotational symmetry follow. 

(5) The line through P and P’ is parallel to a given line (direction of 
translation) and the distance between P and P’ has a given value (period 
of translation). 

(6) P and P’ lie on a circle normal to and centered on a given line 
(axis of symmetry), and the angular distance between P and P’ has a 
given value (angle of rotation). 

These satisfactory definitions can, however, not be given in the first 
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place because they reveal a one-to-two correspondence which is not ex- 
plicit in the stated definition of symmetry, but which can be deduced 
from it. 

Complex symmetry relations (corresponding to translatory-rotation, 
translatory-reflection, rotary-reflection, and rotary-inversion) can be 
defined as follows: 


First simple relation: P’ corresponds to P. 
Second simple relation: P’” corresponds to P’. 


Complex relation: P”’ corresponds to P. 
The point P’ is not necessarily a member of the configuration. 


Equivalence of points is also easy to define: Corresponding points are 
equivalent. Furthermore if P’ corresponds to P by virtue of a symmetry 
relation and P”’ corresponds to P’ by virtue of the same or a different re- 
lation, then P and P” are also equivalent. 

An appraisal of the sufficiency of the definition of symmetry offered 
above indicates that it covers all the symmetries within the grasp of 
an Euclidean imagination, i. e. symmetries truly representable by means 
of points which have the single property of position. Symmetries only 
visualizable as properties of physical phenomena can be classed as not 
strictly Euclidean and are excluded by our definition. The holohedral 
spherical point group Ky, for instance, is covered by our definition 
while the enantiomorphous spherical group K is excluded. It also follows 
that geometrically C,, is indistinguishable from C,,, and that C., and 
D,, are equal to D,n. Applied to continuous and semi-continuous sym- 
metry groups, this criterion admits the second order groups as defined 
by Heesch’, but excludes many of the symmetries described by Schub- 
nikow’. 

In conclusion it is admitted that it remains to be proved that no 
asymmetric relation will satisfy the definition. A modification may be- 


come necessary to exclude asymmetric relations which have not occurred 
to the author. 


1 Heesch, H., Ueber die Symmetrien zweiter Art in Kontinuen und Semidiskontinuen: 
Zeit. Kri.t., 73 (1930). 


* Schubnikow, A., Ueber die Symmetrie des Kontinuums: Zeit. Krist.,'72 (1929). 
Ueber die Symmetrie des Semikontinuums: Zeit. Krist.,'73 (1930). 
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THE AGGIE CREEK METEORITE FROM SEWARD 
PENINSULA, ALASKA* 


EDWARD P. HENDERSON, 
U.S. National Museum, Washington, D.C. 


This iron meteorite, reported to weigh about 95 pounds (43.18 kg.), 
was found on Aug. 11, 1942, during a gold dredging operation in Aggie 
Creek, Alaska, (Lat. 64° 53’ N., Long. 163° 10’ W.) by Mr. F. K. Dent 
of the Council Dredging Co., Nome, Alaska. 

The first information that the United States National Museum had 
of this meteorite came from Mr. Eskil Anderson of the University of 
Alaska, who after visiting the meteorite display came to the office to 
ask if we had any record of this discovery. Some time later the U. S. 
National Museum obtained a 968 gram sample of this iron as a gift 
from Mr. Stuart H. Perry, who had acquired the specimen from Mr. Dent. 

The following information concerning the location and conditions 
under which this iron was discovered was supplied by Mr. Dent. 

This meteorite was found while dredging Aggie Creek for gold and was very close to 
bedrock when the dredge bucket picked it up. Bedrock at this point was about 12 feet deep 
from the surface. Aggie Creek is on Seward Peninsula, Alaska, and is a tributary to Fish 
River which empties into Golovin Bay about 90 miles southeast of Nome. It will be easy to 
locate Fish River and by following up this river about 40 miles you will find the Niukluk 
River empties into Fish River on the left side going up, and about 15 miles on up Fish 
River you will find Aggie Creek which flows into Fish River on the right side going up. 
About 2 miles up Aggie Creek is where this was found, just below the mouth of Rock 
Creek which empties into Aggie Creek... . 

The whole piece weighed 95 pounds, and as previously advised the balance of it is at 
the University of Alaska. I was standing in the winch room of the dredge when I heard 
something heavy hit the dump plate and immediately went to investigate. Finding this 
piece so heavy that it would not float out the flume under the water pressure, I shut the 
dredge down to investigate. When I first saw it and lifted it I thought it was gold as it was 
nearly the color of gold all over, as you will notice on the specimen but when using a file on 
it was soon disappointed. This was on August 11, 1942. 


The specimen of Aggie Creek meteorite has a highly altered iron oxide 
crust over the outside but this oxide crust in not much thicker than the 
crust on the average iron meteorite. In fact this crust is surprisingly thin 
for an iron which has been buried for any length of time. Perhaps this 
is due to the fact that there has been little oxidation as during the greater 
part of the year the ground water is frozen. On the polished face (Fig. 1) 
narrow bands of oxide can be seen which follow the borders of the 
kamacite. Weathering has removed all traces of the original surface 
structure, due to flight of the meteorite through the atmosphere, but 
there still remain a few small depressions on the specimen. 


* Published by permission of the Secretary of the Smithsonian Institution. 
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This iron is a normal, medium octahedrite without any unusual 
structures. The kamacite bands vary in width between from 1 to 2 mm. 
and some of them extend 4.5 cm. in length. Some schreibersite is present 
and occurs in narrow elongated inclusions located about equidistant 
from the borders of the kamacite bands. In many places the schreiber- 
site forms a series of isolated inclusions so located as to be almost always 
in the center of a kamacite band. It is estimated that there is about 1 
per cent of schreibersite present in this meteorite. Only one small round 


Fic. 1. Etch Pattern of the Aggie Creek, Alaska Meteorite ? Natural Size. 


inclusion of troilite was seen; this is about 2.5 mm. in diameter and in 
it there is some schreibersite located between the troilite and the kama- 
cite. 

A slice was cut from this meteorite and after polishing and etching, 
an area, with typical average structure for this iron, was selected for the 
chemical analysis. This was treated as follows. The selected sample for 
analysis was divided into two portions and a specific gravity determina- 
tion was made on each portion. The two pieces were then dissolved in 
1-3 hydrochloric acid and the gas liberated was passed through a series 
of wash bottles containing lead acetate solution to collect any hydrogen 
sulfide gas that would be given off from the troilite. After 36 hours of 
this acid treatment, and many intermittent boilings, the acid soluble 
portion was decanted and separately analyzed. The weights of the re- 
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TABLE 1. ANALYsIS OF AGGIE CREEK, ALASKA METEORITE 
E. P. HENpERSON, analyst 


A 


8.3590 gms. 


7595 
-0589 


none 


“ 


“ 


9.1774 gms. 


8.004 
7.96 


B 


.0717 gms. 


0332 
0033 
0175 
none 
.0030 


“ 


“ 


“ 


«“ 


.1287 gms. 


Mol. Ratio 


G; 


8.4307 gms. 


nriopif 
1062255 
Ais 
none 

.0030 “ 


9.3061 gms. 


Fe 


>) 


=10.42. 
) 
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covered elements are given in Table 1 (A). The insoluble residue from 
the 1-3 hydrochloric acid was than dissolved in aqua regia and analyzed 
separately, (B). The results of B indicate that the insoluble residue is 
schreibersite, but because the quantity of material available for this 


TABLE 2, METEORITES WITH COMPOSITIONS SIMILAR 
TO THE AGGIE CREEK [RON 


Aggie 
Creek, Mbosi, EOOMes erate’ Moorum- 
Seward Drum Tan- dano, Kloof, Lanton, | bunna, 
Penin- Mts., ganyika, Byacania Cape Missouri | Central 
sula, Utah E. Africa Desert, Province, Australia 
tackea: Chile | S. Africa 
1 D, 3 4 5 6 
Fe 90.89 90.70 90.45 90.90 90.79 90.40 89.53 
Ni 8.54 8.59 8.69 8.82 8.27 8.33 8.82 
Co 67 .58 66 515 68 61 56 
Ip 18 ae lll 24 24 .18 .29 
S .00 00 OL 05 — — OY 
Cu N.D. N.D. tn 03 03 — 07 
Insol. 03 01 03 01 03 .005 .30 
Mol. Ratio 
Fe/Ni+Co | 10.42 10.47 10.23 10.68 10.76 10.64 10.08 
1. Smithsonian Misc. Coll., 110, No. 12 (1948), E. P. Henderson and S. H. Perry. 
2. Mineral. Mag., 22, 487 (1931). D. R. Grantham and Frank Oates. 
3. Am. Mineral., 17, 357 (1932). Charles Palache and F. A. Genyer. 
4, Mineral. Mag., 20, 134 (1923). G. T. Prior. 
5. Jour. Geol., 42, 305 (1934). James S. Cullison and Garrett A. Muilenburg. 
6. Tran. Royal Soc. S. Australia, '70 (2) (1946). A. B. Edwards and D. Mawson. 
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analysis was so small, the results are not much more than of qualitative 
importance and must not be considered as an analysis of schreibersite. 

The sum of the determinations in A is 9.177 gms. and the weight of 
the sample originally taken was 9.275 gms. Thus the sum of B should 
be 0.098 gms., whereas 0.1287 gms. were found. With A there was ample 
solution to make check determinations, but not with B, so the analytical 
errors are essentially confined to the results shown in B. It can be found 
by simple calculation that the schreibersite content of Aggie Creek 
meteorite is somewhere between 1 and 1.3 per cent by weight. The analy- 
sis of this meteorite is the sum of A and B, and reported in column C. 

The analysis of Aggie Creek meteorite is remarkably similar to several 
other iron meteorites from widely separated localities, Table 2. It may 
be that a detailed metallographic study would show that there are 
certain differences in these indicating that they have had different 
histories, but until these are so studied it would appear that these make 
a rather definite group of octahedral irons which may be cosmically re- 
lated. 

It can not be established how long ago or how closely spaced in time 
these falls occurred as none of these are witnessed falls. These may have 
come from a swarm of meteors of similar origin and came to our earth 
within a brief interval of time. This is mere conjecture and is offered 
only to stimulate suggestions regarding this possibility. 


SUPPLEMENTARY NOTE ON THE AGGIE CREEK METEORITE 


CHARLES P. OLIVIER, 
Flower Observatory, Upper Darby, Pa. 


While in Washington for the meeting of the A.A.A.S. I had an op- 
portunity to see the manuscript on this meteorite and my attention was 
called to the fact that this iron had almost identical composition with 
several other meteorites listed for comparison. This led to some dis- 
cussion on the subject which may be of interest to the readers of the 
article. 

The fundamental question is whether meteorites of similar composi- 
tion found even in different hemispheres could ever have been part of a 
single body which disrupted for some reason or other, which for this 
purpose need not necessarily be explained. An answer to this question, 
in our present state of knowledge, can I believe, be given partly from 
analogy, using the example of meteor streams. 

Ignoring the question of the origin of such a stream as the August 
Perseids, we do know that for several days, as admitted by everyone, 
or for some weeks if we take the opinions of others, the earth meets 
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meteors which evidently belong to the same system. The common origin 
of all meteors of a given stream is generally admitted, yet, accepting 
the shortest estimate of a week’s duration of activity, the earth meets 
meteors from the same stream over a distance of two per cent of the 
earth’s orbit, roughly 12 million miles. During this interval of time, a 
week or more, meteors moving in approximately parallel paths meet 
the earth, are seen at every hour and every place, except those too far 
south for the radiant to rise. But at a given place and for a period of a few 
hours, the radiant is not a point but an area of 1° to 2° in diameter. This 
means that meteors, having a common origin, due to the perturbations 
are gradually shifted from their original orbits, yet not so much but that 
their family connections can be traced. Many other meteor streams act 
similarly. 

Supposing that in disruption of a large body vast numbers of frag- 
ments of all sizes are formed, a certain proportion will follow almost 
but not absolutely the orbit of the parent body, the deviations being 
due both to succeeding perturbations from the planets and also to slight 
original differences of velocity of projection at the disruption. Evidently 
the orbits of most of the innumerable fragments would never meet the 
earth, their orbit planes having every inclination in space. That more 
than one fragment would be so well aimed as to strike the earth would 
mean that such fragments came from a very small portion indeed of the 
disrupted body, hence often may be of similar composition. If there is 
the minutest difference in projection velocities these bodies would follow 
one another at distances which would increase with time and not be in 
precisely the same orbits. An example of such a case is the periods cal- 
culated for the disrupted nucleus of the Great Comet of 1882, the results 
of which may be found in Comets, pp. 40-44, C. P. Oliviers. 

If the above reasoning is correct, meteorites from the same very small 
portion of any disrupted body could fall on the earth, striking any place. 
We would not have the least reason to think the places of fall should be 
near one another. Further, they need not strike at one time, but could 
fall at the same approximate date over a long period of years. To carry 
this period into thousands of years would not be justified from the prob- 
abilities involved, but it might be over a considerable period. 

In conclusion, any point of the earth could receive such fragments, 
provided only that the radiant point of the stream rose above the hori- 
zon. The meteorites need not fall simultaneously nor along the great 
circle. It seems, therefore, a perfectly possible hypothesis that the seven 
meteorites mentioned, are possibly of identical primordial origin with 
Aggie Creek. It could indeed be disproved only by showing that the or- 
bits could not have been similar, and such proof seems totally unattain- 
able since none of these falls was witnessed. 
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Photo by Walter Stoneman of J. Russell and Sons, London 
WILLIAM LAWRENCE BRAGG 


RECIPIENT OF THE ROEBLING MEDAL OF THE 
MINERALOGICAL Society OF AMERICA 


PRESENTATION OF THE ROEBLING MEDAL OF THE 
MINERALOGICAL SOCIETY OF AMERICA TO 
WILLIAM LAWRENCE BRAGG 


INTRODUCTION 


GEORGE TUNELI, 
University of California, Los Angeles, California. 


In 1936 the Council of the Mineralogical Society of America directed 
that a medal be designed in honor of Colonel Washington Augustus 
Roebling. Colonel Roebling’s interest in mineralogy began while he was 
a student at Rensselaer Polytechnic Institute. He became closely asso- 
ciated with the Mineralogical Society of America immediately after its 
organization, and in 1924 served as its Vice-President. His support of 
the Society and its Journal and his bequest of his comprehensive collec- 
tion to the United States National Museum will long be remembered by 
mineralogists. The award of the Roebling Medal was to be made for 
notable contributions to mineralogy in America and abroad. 

The idea that crystals are built up of units put together in a regular 
way has been in the minds of mineralogists since the time of Hooke and 
Guglielmini. The mathematical theory of regular three dimensional 
structures built up of identical units was carried to completion in the 
latter part of the nineteenth century largely independently by Fedorov, 
Schoenflies and Barlow. However, no physical method then existed by 
which the arrangement of the constituent particles in any crystal could 
be determined. In 1912 the diffraction of x-rays by crystals was discov- 
ered by von Laue with the experimental aid of two assistants, Friedrich 
and Knipping. At that time Sir William Bragg had been studying the 
ionization effects of x-rays and had concluded that «-rays are corpuscular 
in nature. His son, W. L. Bragg, now Sir Lawrence Bragg, attempted to 
find an explanation for von Laue’s results in terms of corpuscular x-rays, 
but soon concluded that the wave explanation of von Laue was correct. 
However, Sir Lawrence also realized that some features of von Laue’s ex- 
planation could not be correct. The shapes of the spots and their behavior 
when the crystal was tilted suggested to Sir Lawrence that x-rays, not 
just of certain specific wave-lengths as von Laue had supposed, but of a 
range of wave lengths—analogous to white light in the visible region— 
were reflected from crystal planes. From this work the fundamental equa- 
tion of x-ray diffraction has become known as Bragg’s law. Soon after- 
ward he made x-ray photographs of potassium chloride and sodium 
chloride and deduced their complete atomic arrangements; these were the 
first crystal structures analyzed, and, as is well known, this achievement 
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has led to the development of a new branch of science which deals with 
the atomic arrangements in matter. 

The invention of the ionization spectrometer by W. H. Bragg marked 
another important advance, and by its application the structure of the 
diamond was elucidated by W. H. and W. L. Bragg. With the aid of this 
new instrument W. L. Bragg in 1913 solved the structures of sphalerite 
pyrite, fluorite and calcite. 

After these simple structures had been analyzed it became possible to 
attack successfully those of lower symmetry. Thus, in 1924, W. L. Bragg 
deduced the arrangement in the orthorhombic mineral aragonite. The 
silicate minerals make up most of the earth’s crust; they often occur in 
good sized crystals suitable for investigation by the ionization spectro- 
meter and partly for this reason they became a special object of study 
by Sir Lawrence and his collaborators. Their analyses of diopside, olivine, 
chrysotile, beryl, phenacite, willemite and others of this class revealed 
the basic features of the constitution of the silicates and revolutionized 
our conceptions of the chemical bonds that cement their crystal edifices 
together. In the investigations of these complicated structures use was 
made of the representation of the distribution of electron density in the 
crystals by Fourier series; this numerical and graphical method, first 
suggested by W. H. Bragg, has been perfected by W. L. Bragg and sub- 
sequent workers, and today is widely applied in investigations of atomic 
arrangements. 

One of the chief reasons why we are much concerned with the fine 
structure of matter is that it gives us the key to so many physical and 
chemical properties. The nature of the dependence of the optical proper- 
ties on the atomic arrangements in crystals was shown by W. L. Bragg’s 
calculations of the refractive indices of aragonite and calcite from their 
structures in 1924. The properties of some metallic alloys, as well as of 
some sulfide and silicate minerals, depend not only on their structures, 
but also on the degree of ordering into superstructures. Much insight 
has been gained into the nature of order-disorder transformations by 
the work of Sir Lawrence and his school. The importance of these pheno- 
mena in rock minerals was emphasized by Past President M. J. Buerger 
in his address before the Society a year ago. 

In recognition of these and other contributions the Council of the 
Mineralogical Society of America has resolved that the Washington 
Augustus Roebling Gold Medal be awarded to Sir Lawrence Bragg. 

Professor Bragg was born in Adelaide, S. Australia. He attended St. 
Peters College in Adelaide and Adelaide University. Subsequently he 
studied in Trinity College, Cambridge, where in 1914 he became Fellow 
and Lecturer in Natural Sciences. In the same year he received the Bar- 
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nard Medal. In 1915 he was awarded the Nobel Prize for Physics jointly 
with his father on their investigations of x-rays and crystal structures. 
In 1931 he received the Hughes Medal of the Royal Society and in 1946 
the Royal Medal of the Royal Society. From 1919 to 1937 he was Lang- 
worthy Professor of Physics in Victoria University of Manchester; in 
1937 and 1938 he served as Director of the National Physical Laboratory; 
since 1938 he has been Cavendish Professor of Experimental Physics in 
Cambridge. He is a fellow of the Royal Society, Honorary Member of 
the Institute of Metals, Corresponding Member of the Academy of 
Sciences of Paris, Honorary Member of the Swedish Academy of Sci- 
ences, Member of the American Philosophical Society, Honorary Mem- 
ber of the New York Mineralogical Club, Member of the Chinese Physi- 
cal Society, Foreign Associate of the National Academy of Sciences of 
Washington, Associate of the Royal Academy of Sciences of Belgium, 
Honorary Fellow of the Royal Society of Edinburgh, Honorary Member 
of the Royal Irish Academy, President of the International Union of 
Crystallography, and President of the British Association for the Ad- 
vancement of Science. He is an Officer of the British Empire. During the 
first World War he served as Technical Adviser on Sound Ranging to 
the Map Section of the General Headquarters in France, and was 
awarded the Military Cross. During the second World War he acted as 
Coordinator of British, Canadian and American Military Research. 

Most of the results of the researches of Sir Lawrence have appeared as 
scientific papers of which there has been a long series. He has also written 
a number of books, of which ‘“‘X-Raysand Crystal Structure” and “Atomic 
Structure of Minerals”? have been of particular value to mineralogists. 
Students, not only British but also of other nationalities, have gone to 
his laboratory to learn the methods of «-ray analysis, and from him they 
have received illuminating instruction and kind counsel. Through them, 
as well as directly, the stimulating influence of Sir Lawrence is felt in 
America and other countries. 

Mr. President, it is my valued privilege to introduce Professor Sir 
Lawrence Bragg. 


PRESENTATION 


President M. A. Peacock handed the medal to Sir Lawrence Bragg 
with the words: 

WiLittAM LAwRENCE Braco, in recognition of the fundamental and 
illuminating work you have done on the ultimate structure of crystals 
and the impetus and direction that this work has given to the study of 
minerals, I have the honour to present you with the Roebling Medal of 
the Mineralogical Society of America. 


ACCEPTANCE OF THE ROEBLING MEDAL OF THE 
MINERALOGICAL SOCIETY OF AMERICA 


W. L. BRAGG, 
Cavendish Laboratory, Cambridge, England. 


An occasion such as this must always be a very pleasant one to the 
proud recipient of the award, and I think it is doubly so when, as in the 
present case, the award comes from colleagues in a branch of science 
other than one’s own. You have gone outside your own body today in 
awarding me the Roebling Medal, for no one, however kind and generous, 
could describe me as being a mineralogist. I am glad that you do not 
expect the recipient of the medal to pass a simple examination in min- 
eralogy before he can accept his prize, for I am sure I would fail in that 
test. It is not merely a matter of knowing the subject, it is a deeper 
and more fundamental difference in outlook which divides the physicist 
from the mineralogist. Professor Niggli put this point very clearly in his 
address to you when he received the medal last year. An exact scientist 
endeavours to simplify and generalize problems so that comparatively 
unequivocal decisions can be made. Followers of descriptive sciences 
such as mineralogy and petrology can never approach their problem 
from a one-sided standpoint, but must consider how products of nature 
came to be, “‘what ultimate causes (irrespective of chemistry and physics) 
gave them their peculiar aspect and relationship to other occurrences.” 
I have been deeply interested in the structure of minerals but have al- 
ways viewed them with a physicist’s idealization and simplification. I 
remember that I once incurred the disapproval of Spencer, my compat- 
riot who received the medal in 1940. I had described the atomic arrange- 
ment of a beryl crystal, but had omitted any reference in my paper to 
the composition of the particular crystal I had studied or the locality from 
which it came. Spencer as a mineralogist naturally thought that this 
greatly lessened the value of the analysis, but of course as a physicist I 
was only interested in the perfect arrangement of a crystal of ideal com- 
position, the scheme of structure common to all beryl crystals, and it 
never occurred to me to ascertain what particular variety of beryl some 
kind friend had given me to analyze. Again, I remember an occasion 
when I gave a lecture at the Sorbonne in Paris on the structure of sili- 
cates. My chairman was Professor Mauguin, holder of the chair of min- 
eralogy, and he was deeply shocked to hear me begin my lecture with 
the statement that there were only six minerals in the earth’s crust if 
one neglected tiresome details. When the lecture was over, he led me 
firmly to a great collection near the theatre where endless specimens 
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were displayed in their cases, and sweeping his arm dramatically said to 
me ‘Les six minéraux!’ 

I feel it all the more an honor that you should have seen fit to make 
this award to one who can make no pretense of knowledge of the de- 
scriptive side of your fascinating subject. My contribution has been an 
attempt to increase our knowledge of the fundamental features of atomic 
arrangement in idealized mineral structures. The analysis of crystalline 
arrangement by x-rays is a borderline subject, and to me one of its 
greatest rewards has been the contacts I have made with colleagues in 
other branches of science—chemistry, metallurgy, biochemistry, and 
mineralogy. A prophet is said to be not without honor save in his own 
country and amongst his own kith and kin. Indeed we see today an in- 
stance of a prophet receiving a much prized honor in a country not his 
own and from scientists who are not kindred physicists. 

An occasion like this is an excuse for personal history. I am particularly 
pleased at getting the medal because all the crystals which were analyzed 
in the beginning of x-ray analysis were minerals—rock salt, zincblende 
fluor, pyrites, diamond, calcite and others. This was partly due to our 
needing large and perfect specimens for the x-ray spectrometer which 
my father designed, the instrument with which all the data for analyzing 
these crystals were obtained. 

But I think an even more important reason was that the only people 
who had kept alive the study of crystals were the mineralogists. It is 
perhaps fair to say that the chemists knew that there was more than 
one kind of crystal—they knew of two kinds, needles and plates. But 
the rest of the scientific world with a few eccentric exceptions had never 
thought of the laws of formal crystallography and the possible ways of 
making a pattern in three dimensions. When Laue discovered x-ray 
diffraction, my father was intensely interested because he had speculated 
deeply on the nature of ionization by x-rays. I became interested through 
discussions with my father, but I think the decisive factor, as far as I was 
concerned, which led me to interpret Laue’s photographs in terms of 
the crystal structure of the zincblende crystal he used, was a paper on 
Pope and Barlow’s theory of valency volumes. This paper was given to 
a society of young scientists, and it introduced me to the geometry of 
three-dimentional structures and to such ideas as close-packing of 
spheres. But here I have a terrible confession to make. I was so ignorant 
of anything to do with crystallography that when I tried to explain the 
genesis of Laue’s picture by reflections of the x-rays from atomic planes 
I invented my own system for naming these planes. I was blissfully un- 
conscious that crystallographers had already given some thought to this 
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I was soon put right by Hutchinson, at that time lecturer in the min- 
eralogy department at Cambridge, and later its professor. In my young 
days the professor was Lewis and he had given strict orders that no min- 
eral should ever leave the safe-keeping of the collection at Cambridge. 
I shall never forget Hutchinson’s kindness in organizing a black market 
in minerals to help a callow young student. I got alJl my first specimens 
and all my first advice from him, and I am afraid that Professor Lewis 
never discovered the source of my supply. 

After the 1914-18 war we developed more powerful forms of x-ray 
analysis in my research school at Manchester, and cast round for subjects 
on which to try our new methods. I chose the silicates because fine 
crystals of them were available and because they were a good deal more 
complex than anything we had yet attempted. The work had a quite 
unexpected reward; the natural order of the silicates suddenly became 
clear in all its beauty and simplicity. I always regard this as one of the 
most exciting and aesthetically satisfying researches with which I have 
been associated. The significance of the formulae of silicates, the rather 
bewildering way in which atoms could be replaced by others, and the re- 
lation between the different families, was seen to be part of a simple geo- 
metrical scheme of linking silicon-oxygen tetrahedra together. One in- 
teresting feature of this new work was the complete justification of the 
mineralogist in basing his classification on crystalline form and not on 
chemical constitution. 

Many contributed to the final elucidation of silicate structure. I al- 
ways think the turning point was marked by the successful analysis of 
the pyroxene diopside. I brought over to the U. S. A. the measurements 
which West and I had made in Manchester, when I came to Cambridge 
as a visiting professor in the Massachusetts Institute of Technology in 
1928. I was fortunate to find a clever research student willing to apply 
himself to the problem and he found the solution. I feel proud that I 
enticed Professor B. E. Warren to take up x-ray analysis, for you will be 
familiar with the fine work on crystals and glasses which he has done. 
At Manchester I had an active collaborator in Zachariasen, now professor 
in Chicago, who had the reputation in the laboratory of turning out a 
crystal structure a day when most people took months to complete an 
analysis. The silicate structures afford one of the finest examples of 
‘Pauling’s Rules’ for the coordination of ionic compounds. Then again 
one of my staff at Manchester, W. H. Taylor, solved the important 
feldspar structures. He is still with me at Cambridge and I am glad to 
say that he has turned his attention again to feldspar structures. His 
original work showed that the same general scheme ran through them all, 
whether monoclinic or triclinic, as indeed the mineralogist had always 
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divined. He has done some beautiful work on the mixed potassium- 
sodium feldspars, and is now tackling such problems as microcline, sani- 
dine, and the bewildering complexities of the plagioclase series. Finally, 
we cannot exaggerate the debt we all owe to V. M. Goldschmidt whose 
brilliant work on geochemistry has opened up a new branch of science. 
In receiving your award for the contributions which «-ray analysis has 
made to our knowledge of minerals, I feel strongly how short a way I 
would have gone had I not been in the company of these pioneers. 

To refer again to the address which Professor Niggli gave when he re- 
ceived the medal last year, he told us that as a young man he had been 
strongly advised by his friends to apply his obvious scientific ability to 
one of the more fundamental sciences. They told him that the study of 
the lithosphere was already so advanced as to leave only routine work 
still to be done, and Niggli declared that he had not regretted his refusal 
to accept this advice. I had a similar experience. Soon after we all re- 
turned to our laboratories in 1919 scientific friends advised me to drop the 
study of crystals. They pointed out that allcrystals would soon be worked 
out, and that I would find myself out of a job. I did not take their advice 
and I also have no regrets. I remained faithful to my first love, the study 
of the atomic architecture of matter, and I feel that it has provided me 
with an absorbingly interesting scientific life, bringing me into contact 
with other scientists in many other subjects. If it were necessary, I 
should be still further fortified in my belief that I chose well by your 
generous award of the Roebling Medal today, a compliment I deeply 
appreciate and for which I tender my warmest thanks. 


MEMORIAL OF ALFRED LACROIX 
J. OrceL, Museum National d’Histoire Naturelle, Paris.* 


On March 16, 1948, the Mineralogical Society of America lost one of 
its most eminent foreign correspondents, A. Lacroix, a man of world- 
wide reputation. 

Francois Antoine Alfred Lacroix was born at Macon, France, on Feb- 
ruary 4, 1863. His grandfather, Tony Lacroix, who had been Vauquelin’s 
technician at the Museum of Natural History in Paris and whose hobby 
was mineralogy, must have had an influence on his vocation. After 
studying pharmacy, A. Lacroix very soon turned to geology and miner- 
alogy. He worked under A. Des Cloizeaux and F. Fouqué, whose son- 
in-law he was later to become. In 1887 he was an assistant at the “‘Collége 
de France’ and also worked at the ‘‘Service de la Carte Géologique de 
France’’—the French Geological Survey. In 1889 he obtained his doctor- 
ate with a dissertation on pyroxene gneisses and wernerite rocks. In 
1893, as Professor of Mineralogy at the Museum, he succeeded his master 
Des Cloizeaux, whose chair he occupied with distinction until his retire- 
ment in 1937. He completely reorganized the mineralogical exhibits in 
the Museum, increasing both their attractiveness and their pedagogical 
value, and he turned the Mineralogical Laboratory of the Museum into 
a widely renowned research center. Elected to the ‘‘Académie des Sciences 
de |’Institut de France” in 1904, he became its Perpetual Secretary on 
June 8, 1914. He dedicated himself to the high duties of this office, ful- 
filling them until his death with great competence, and integrity. 

A. Lacroix’s work is monumental and quite varied, dealing with miner- 
alogy, geology, petrology, vulcanology, and even the history of sciences. 
On the occasion of a historical sketch he was writing about the ‘third 
seat” of the Mineralogy Section of the Academy of Sciences, in a few 
striking words he discreetly pointed out the nature of his work. “On 
January 11, 1904,” said he, ‘“‘the Academy returned to the study of miner- 
als. It elected a mineralogist who was studying physical and chemical 
properties of mineral matter, no longer as an end in themselves, but as 
means of characterization for natural history purposes; who, in the field 
and in the laboratory, was finding his life work in a union of mineralogy, 
geology and the physics of the earth; a naturalist lured by research in 
far away colonies, roaming all over the world in the pursuit of volcanoes, 
their eruptions and their products. You will not be surprised,” he then 
added, ‘if I leave a gap in this account.” 

From Lacroix’s work considered as a whole, we sense a remarkable 
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continuity of ideas, based on a widened interpretation of the concept of 
mineral species, which he redefined and enriched. His “Minéralogie de 
la France et de ses Colonies,” published from 1893 to 1913, and his 
‘“Minéralogie de Madagascar,’ which appeared in 1922 and 1923, were 
conceived on a completely new plan. By accumulating and correlat- 
ing a considerable number of original observations pertaining to crystal- 
lography, optics, and lithology, he showed how necessary it is to maintain 
a proper balance between the various methods of observation, if one’s 
purpose is not merely to give an accurate description of isolated minerals 
but rather to understand their mode of occurrence, associations, genesis, 
and transformations in nature. Thus he studied in detail the role which 
minerals play in the constitution of rocks, and removed the artificial 
boundaries that had so long separated mineralogy and petrography. By 
careful observations, made mainly in the Pyrénées, he renewed our knowl- 
edge of contact metamorphism, by proving the existence of endomorphic 
transformations suffered by granitic magmas in contact with limestone. 
His conclusions supported the theory that mineralizers and volatile emana- 
tions of eruptive magmas play a dominant role in metamorphism, a theory 
long advocated by French petrographers, especially by Auguste Michel- 
Lévy. His investigations on the enclaves of volcanic rocks have thrown light 
onthe metamorphism produced by lavas. He showed that basic rocks differ 
from acid rocks in the effect they have on their enclaves; the former exert 
a purely thermal action, while the latter give rise to chemical alterations. 
In a masterly memoir (1907) on the silicated products of the 1906 erup- 
tion of Mount Vesuvius, he treated the transformations of lavas under 
the action of volatile magmatic emanations and introduced the now 
classical concept of autopneumatolysis. Not only did A. Lacroix study 
the materials ejected by volcanoes (Auvergne, Aetna, Vesuvius, Santorin, 
Iceland, Antilles, Japan, Java, Réunion, Comoro Archipelago, Mada- 
gascar, New Hebrides, volvanoes of the Pacific, Tibesti), he also spent a 
great deal of time scrutinizing the mechanism of volcanic eruptions. 
Thanks to his work on Mount Pelée, we now understand how domes and 
nuées ardentes are formed. 

For a long time A. Lacroix had been interested in the classification of 
eruptive rocks, not with the limited aim of a systematician, but rather 
with the idea in mind of determining their mutual relationships and their 
conditions of formation, by including in their discussion both mineralogi- 
cal observations and quantitative chemical data. From the classification 
proposed by the American petrographers Cross, Iddings, Pirsson, and 
Washington, he borrowed the idea of magmatic parameters and, by mak- 
ing a judicious use of it, he was able to account for the formation of sev- 
eral lithologic types the origin of which had remained unclear, for instance 
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those which he called the doliomorphous types, the heteromorphous types 
(mineralogically different rocks with identical chemical compositions), 
the pegmatitoid types, etc. Combining the knowledge gained from the 
syntheses performed by Fouqué and Michel-Lévy, by Bowen, and by a 
few others, with the results of his own numerous observations on arti- 
ficially molten rocks (as in the case of the products of the fire of St. Pierre, 
Martinique), he was able to determine the conditions of stability for 
certain constituents of eruptive rocks. 

A. Lacroix particularly studied the formation of pegmatites, especially 
the Madagascar pegmatites, which he compared with those found in 
U.S.A. He first made the distinction between potassium pegmatites and 
sodium-lithium pegmatites. He stressed the existence of two crystalliza- 
tion stages in the latter: first a constructive one, then a destructive one 
yielding new minerals at the expense of minerals formed during the first 
stage. In his classical work on laterite formation, he explained the me- 
chanism of concentration of iron and aluminum hydroxides during the 
alteration of silicate rocks in tropical and subtropical climates. The study 
of terrestrial rocks led him to that of meteorites. Applying the same 
chemical-mineralogical principles that he used with terrestrial rocks, he 
gave the stony meteorites a rational classification, based on the study of a 
great many falls, many of which were new and had occurred in the terri- 
tories of the French Union. The specimens collected by A. Lacroix over a 
period of more than fifty years have considerably enriched the miner- 
alogy collection of the Paris Museum of Natural History. As to the 
petrography collection, he himself created it; with representatives of al- 
most every known rock type, each accompanied by a chemical analysis 
and thin section, it is a working tool second to none. 

A. Lacroix was a fearless traveler. His many assignments took him to 
various regions of the earth: Scotland, England, Ireland, Scandinavia, 
North America (both Canada and U.S.A., where he particularly visited 
the Atlantic Coast, the Great Lakes, the Rocky Mountains, the Yellow- 
stone Park, Colorado), Germany, Greece, Asia Minor, Japan, Malaya, 
Java. He was a pioneer in colonial mineralogy. He visited Martinique, 
Guadeloupe, Guinea, Madagascar, and Indochina. The observations 
he brought back on geology, mineralogy, and vulcanology proved to 
be of great theoretical and practical significance. Notably, we owe him 
the discovery and study of the Madagascar uranium minerals. 

Finally, A. Lacroix felt a great inclination for the history of sciences. 
He was given an opportunity to contribute to the latter in fulfilling his 
duties of Secretary of the Academy of Sciences, one of which was to write 
up the biographies of deceased members of the Academy. To this obliga- 
tion of his, we owe four volumes of fascinating studies, entitled “Figures 
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de Savants,” on the life and work of many French geologists, mineralogists, 
and naturalists. 

From the start the originality and power of A. Lacroix’s work was rec- 
ognized by scientific circles. He was a ‘‘Grand Officier” of the Legion of 
Honor, belonged to all the Academies, had received honorary member- 
ships and doctorates honoris causa from about sixty universities, foreign 
institutes, and learned societies. He was a correspondent of the New York 
Academy of Sciences since February 17, 1899; honorary member of the 
same academy since December 20, 1909; correspondent of the Academy 
of Natural Sciences of Philadelphia since January 16, 1923; correspond- 
ent of the Mineralogical Society of America since December 27, 1926; 
honorary member of the New York Mineralogical Club since September 
16, 1923; correspondent of the American Museum of Natural History in 
New York. He had been awarded several famous medals; he was the third 
Penrose Medalist. 

The last years of his life were saddened by a cruel blow, the loss of his 
wife, on December 22, 1944. Madame Lacroix had been his faithful com- 
panion and devoted coworker of many years, and she had accompanied 
him on all his travels. 

Highly conscientious, open minded, just, kind, friendly to everyone, a 
man with a very keen mind and a sense of humor slightly ironical at 
times, A. Lacroix aroused a deep loyalty and a deferential devotion in 
his students and colleagues. He will remain one of the outstanding figures 
of French thought. 
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Alfred Church Lane, public-spirited citizen, teacher, geologist, died 
suddenly of heart attack on April 15, 1948, at the age of 85. He died in 
the home office of the American Institute of Mining and Metallurgical 
Engineers, in New York City, where he had gone to greet the returning 
Finn Ronne South Polar Expedition, and, in particular, his friend and 
former student, Doctor Robert L. Nichols. Considering his age, Dr. 
Lane was in good health, and he remained active and interested in his 
many projects until his death. 

Dr. Lane was born in Boston on January 29, 1863. He received bis 
A.B. degree at Harvard University in 1883 and the Ph.D. in 1888. As 
was common for students of geology in those days, he studied for two 
years in Germany at Heidelberg. While a student at Harvard, he was 
instructor in mathematics for two years, and some of his later geological 
work utilized his mathematical knowledge. After receiving his doctorate 
he worked for one year on the U. S. Geological Survey, and then joined 
the staff of the Michigan Geological Survey and was appointed State 
Geologist in 1899. In 1909, he was made Pearson Professor of Geology 
and Mineralogy at Tufts College, from which position he resigned in 
1935 in protest against the teacher’s oath of Massachusetts. During the 
first world war he was head of the Department of Mining at the A.E.F. 
University at Beaune. 

He contributed much to geology and mining in Michigan. While in 
Michigan he studied mine and connate waters and continued his interest 
in these subjects to his death. 

He was interested in the quantitative treatment of geological problems 
and some of his contributions were mathematical, notably his applica- 
tion of the theory of the conduction of heat to geological problems, his 
theoretical studies of the grain size in igneous rocks, and his work on 
determining geological time. 

Probably his most important contribution to geology was made as 
Chairman of the Committee on the Measurement of Geologic Time of 
the National Research Council (1922-1946). As chairman, he wrote in- 
numerable letters and, where possible, made regular visits to nearly 
everyone who was interested in geologic time. He served as a clearing 
house for specimens, data, methods, and ideas on his favorite subject, 
and he secured codperation between men in different sciences and men 
in various parts of the world. He was full of ideas and enthusiasm, and 
he stimulated such interest that he was able to get chemical analyses, 
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geological work, determination of the isotopes, and other required work 


|| On many specimens. Largely through his efforts and the work of his 


Committee we now have an excellent, though still imperfect, time-scale 
for the geological column. Dr. Lane stimulated and coérdinated the 


_ work of his Committee so that it became one of the most successful of 


those of the Research Council. 

He was a member of many societies, including the A.I.M. & M.E. 
(Chairman, Boston Section *18), Am. Assn. Adv. Sc. (V. Pres. ’06), 
Am. Acad. Arts and Sci. (Councilor ’16—’19, Librarian; ’30-’36), Geol. 


Soc. Am. (Pres. ’31), Min. Soc. Am., Mich. Acad. Sci. (Pres. 705), and 


hon. member Soc. Belge de Geol. He was the first consultant in science, 
Library of Congress, Washington, D.C. ’29-’30. He received the honor- 


_ ary D. Sc., Tufts College, ’13, and in 1940 Tufts College awarded him 


the Ballon Medal for distinguished service to education and the Nation. 
Dr. Lane was active in religious work, and his closest friends knew, 
admired, and loved him as a true Christian. He was always interested 


in, helpful to, and thoughtful of the younger men, by whom he was es- 


pecially loved. He was interested in Boy Scout work and during World 
War II, when young men were not available as scout leaders, he, though 


_ past eighty years old, acted as scout leader until the younger scouts be- 


came too strenuous for him, and his wife persuaded him to give up scout 
work. For his services to the Boy Scouts of America, he was awarded the 
Silver Beaver. He was a leader in promoting good government in his home 
community and in the Nation and was greatly interested in international 
affairs, and, in particular, in World peace and international codperation. 
He was fond of speaking before public gatherings and of publishing short 
articles, which might be on religion, politics, world affairs, or popular 
science. When he made his visits to his friends, he carried a small hand- 
bag from which he might produce a copy of a recent popular article by 
himself or someone else, a few letters from Europe, India, or elsewhere, 
a few rock specimens for age determination, and various other materials. 

Dr. Lane was the author of 1,087 publications, and they show his ver- 
satility and wide interests as they cover the range of science, religion, 
local and national politics, economics, world affairs, and other subjects. 
Most of his shorter popular papers appeared in the newspapers or pe- 
riodicals. Many of his popular articles were on scientific subjects but the 
wide range is shown by the following titles: ‘‘Tariff on Books”’, “Buying 
a Home”, “Money”, “Skiing in Earlier Days”, “To Prevent War”, “On 
Sidewalks”, and “This Tariff Problem”. He published some poems. 

His scientific publications were chiefly in the broad field of geology 
but some were in astronomy, mathematics, and physics. In addition to 
his longer scientific articles, he published many short articles and dis- 
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cussions. In the selected bibliography at the end of this paper, only a 
few of Dr. Lane’s more important publications on subjects related to 
Mineralogy and Petrology are listed. 
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James G. Manchester, born in Fall River, Massachusetts, on Septem- 


_ ber 20, 1871, was a man whose love of fine mineral specimens found ex- 
_ pression in a lifetime of devoted service to his fellow collectors and en- 
_ thusiasts. He was not of those favored few who, born to wealth, could 


expand his interests without thought of cost, but one of the many who 
through continuous effort achieved success not only in his career of busi- 
ness, but in his mineralogical avocation as well. As a young man, he stud- 
ied typing and stenography, in which he became so proficient that his 
beautiful and intricate patterns and designs created by means of type- 
written characters won for him at the Columbian Exposition in 1893 the 
award of best in the United States. At the request of his close friend, 
Reverend Percy S. Grant, Rector of the Church of the Ascension in New 
York City, he moved there to act as treasurer of the church. Soon there- 


_ after he became Assistant Treasurer of the New York Mutual Life In- 
_ surance Company, and later the Assistant Manager of their Real Estate 


Division, which he efficiently organized and systematized. 

Having adopted mineralogy as his hobby, he rapidly became an en- 
thusiastic and vigorous collector with an unerring eye for good specimens 
and an indefatigable zeal for extracting them. His appreciation of fine 
minerals did not degenerate into mere acquisitiveness, and he was con- 
stantly and generously bestowing choice specimens and collections upon 
his fortunate friends and associates. A superb collection in specially de- 
signed cases was presented to the city of Fall River, where it is exhibited 
in the public library. Another was contributed to the American Museum 
of Natural History in New York City. To young people who displayed 
an active interest in mineralogy he gave representative species, as well 
as entire suites of specimens obtained at his own expense. Many eastern 
mineralogical museums contain choice material labeled “Gift of J. G. 
Manchester.” His continuing advocacy of the pleasures of mineral collect- 
ing and study resulted in many lectures and well-illustrated demonstra- 
tions before clubs and high school and Boy Scout groups. 

He became president of the New York Mineralogical Club, succeeding 
George F. Kunz, and in that capacity he was instrumental in securing 
many notable speakers for the Club, partly at his personal expense. 
Through his generosity, the organization was able to publish his careful 
compilation, “The Minerals of New York City and Its Environs.” 

Upon retirement, he spent most of his winfers in St. Petersburg, 
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Florida, where he interested himself in the Ballast Point locality at 
Tampa, famous for specimens of corals replaced by chalcedony. These 
he had photographed in color and cut into cabochons. The article de- 
scribing these unusual chalcedony pseudomorphs after coral, published 
in Rocks and Minerals proved so popular that many additional reprints 
were prepared to supply the public demand. The cost of the preparation 
of this article as well as the reprints was borne by Mr. Manchester. He 
was a fellow of the American Association for the Advancement of Science, 
the Mineralogical Society of America, a member of the Rocks and Min- 
erals Association, and a life member of the Ohio Archaeological and 
Historical Society. 

By his first wife, Florence Pilkington, born July 12, 1873, died Oct. 
23, 1919, he had a son James G. Manchester, Jr., born March 19, 1896, 
died April 4, 1943, who in turn is survived by a son, James G. Man- 
chester III, born March 18, 1943. His second marriage was to Mrs. 
Clara A. Ehmer on June 14, 1923, who survives him. Mr. Manchester 
died on June 28, 1948, at Southampton, Long Island, at the age of 
seventy-six. He was a man of kindly generosity and hospitality, capable 
of communication to others his love of beautiful minerals. 
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MEMORIAL OF LEWIS GARDNER WESTGATE 
Joun H. MEtvin, Geological Survey, of Ohio, Columbus, Ohio.* 


Lewis Gardner Westgate was born October 8, 1868, in Phenix, Rhode 
Island. His father, a liberal and scholarly man, attended Wesleyan Uni- 
versity, standing second in his class, spent two years at Union Theologi- 
cal Seminary, and served as a Methodist minister until 1880 when he 
became professor of history at ‘Old’? Wesleyan. The elder Westgate 
died in 1885 when Lewis was sixteen years old. 

In high school young Westgate was active in a boy’s scientific society, 
a chapter of the Agassiz Association. The collecting of plants and miner- 
als was carried on and the reading of papers was encouraged. That this 
society was above the average is attested by the fact that from this small 
town group five men went on to professional careers in the sciences. 

From 1886 to 1890 Westgate was an undergraduate at Wesleyan Uni- 
versity. Evidently at first he was thinking seriously of following his 
father’s footsteps into the ministry. For three months of his freshman 
year he was a local preacher in the Methodist Church. In his junior year, 
however, one of the required subjects was a course in geology taught by 
William North Rice. From then on geology was the main interest of his 
life. Accordingly, the remainder of his work at Wesleyan was devoted to 
geology and related sciences. However, he tells of being strongly influ- 
enced by Woodrow Wilson, then professor of history, and by Caleb T. 
Winchester, professor of English literature, from whom he acquired a re- 
spect for the English language and a love of English literature. He re- | 
ceived his A. B. degree in 1890. In 1940 Wesleyan honored him with an 
honorary Sc.D. 

Following his graduation from Wesleyan, Westgate took three years 
of graduate work in geology at Harvard where he became more or less a 
disciple of William Morris Davis. From Harvard he received the A.B. 
degree in 1891, the M. A. degree in 1892, and the Ph.D. degree in 1896. 
He was a graduate assistant at Harvard from 1891 to 1892, and at Wes- 
leyan from 1892 to 1893. 

In 1893 Westgate accepted a teaching position in the Evanston Town- 
ship (Ill.) schools and continued there until 1900. On Sept. 5, 1893, he 
married Martha Josephine Beach. Dr. Edward L. Rice, a lifelong friend, 
has written, “A childhood acquaintance and a college friendship led to a 
married life which spanned more than fifty-five years. It was an ideal 
partnership to which each contributed in full measure with enough di- 


* For assistance in the preparation of this memoir acknowledgment is due Dr. Arthur 
Bevan, Principal Geologist, Illinois Geological Survey. 
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versity of talent and temperament to add interest, enough of community 
to assure the finest teamwork. Admission to the esthetic beauty and spir- 
itual culture of their home was in itself a liberal education. He was de- 
nied the joy of fatherhood; but to scores, perhaps hundreds, of his stu- 
dents and younger colleagues he became ‘Uncle Lewie’ and note that 
Mrs. Westgate is no less ‘Aunt Jo,’ for the adopted nephews and nieces 
passed from the laboratory to the home.” 

In 1900 Dr. Westgate came to Ohio Wesleyan University as professor 
of geology and there he served for the remainder of his life. He retired 
with the title of emeritus professor of geology in 1939 but when younger 
men were called away during the early days of World War II he again 
took up his old duties. Failing eyesight finally forced him from the class- 
room in 1944 after over half a century of teaching. 

Dr. Westgate spent many summers on work of the United States 
Geological Survey in both the western states and in Alaska. With this 
organization he was assistant geologist 1912-1919 and associate geologist 
1919-1935. He also carried on work for the Geological Survey of Ohio, 
completing his ‘‘Geology of Delaware County” in 1926 and leaving an 
almost completed report on Adams County. 

He was a fellow of The Mineralogical Society of America and The 
Geological Society of America (Vice-President in 1926). He was a mem- 
ber of the Ohio Academy of Science (President in 1910-11), Sigma Xi, 
Phi Beta Kappa, Omicron Delta Kappa, and Psi Upsilon. 

Throughout his long professional career Dr. Westgate was a practicing 
“field geologist” to quote him, and that his contributions have been sub- 
stantial is attested by the appended bibliography. Of even greater im- 
portance perhaps, has been his influence as an educator and as an in- 
spirer of younger people. His periodic chapel talks before the entire 
college were looked forward to by student body and faculty alike. Nor 
were either disappointed for Lewi.’s thought-provoking addresses led 
to reflection and self-examination by those in all walks of life. His 
educational and philosophical writings had a similar effect. In his 
teaching too, humor, philosophy, and clarity of description combined 
to make each lecture an enjoyable experience. He was interested in more 
than geology; he strove to teach his students to think for themselves and 
in the end to be truly educated men and women. In this he was exception- 
ally successful. 

Dr. Westgate had many other interests. His paintings, his iris garden, 
his block print Christmas cards, his excellent library, and his activities 
in sponsoring good government for his community all testify to his 
many abilities. 

In philosophy he found his greatest satisfaction. In 1944 glaucoma 
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caused complete loss of sight. Sometime later in a paper titled “My 
Road To Evolutionary Naturalism” he set down the philosophy which 
he had developed during a long lifetime of careful observation and 
honest thinking, a philosophy which he believed to be held by many 
men of science, one which he believed to be expressed in the lines from 
Wordsworth’s Tintern Abbey. 


I have felt 


A presence that disturbs me with the joy 

Of elevated thoughts; a sense sublime 

Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And the round ocean and the living air, 

And the blue sky, and in the mind of man: 
A motion and a spirit, that impels 

All thinking things, all objects of all thought, 
And rolls through all things. 


Dr. Lewis G. Westgate died on March 30, 1948, at Delaware Ohio. 
He is survived by his wife, and by countless adopted ‘‘nieces” and ‘‘neph- 
ews,”’ his contribution to man’s fight for a better world. 


BIBLIOGRAPHY 


(1893) The geographic developments of the eastern part of the Mississippi drainage 
system: Am. Geologist, 11, 245-260. 

(1894) The mineralogic characters of certain New Jersey limestones: Am. Geologist, 14, 
308-313. 

(1894) The age of the crystalline limestones of Warren County, New Jersey: Am. Geologist, 
14, 369-379. 

(1896) The geology of the northern part of Jenny Jump Mountain, in Warren County, 
New Jersey: New Jersey Geol. Survey, Annual Report for 1895, 21-61. 

(1899) A granite gneiss in central Connecticut: Journal Geology, 7, 638-654. 

(1905) The Twin Lakes glaciated area, Colorado: Journal Geology, 13, 285-312. 

(1907) Abrasion by glaciers, rivers, and waves: Journal Geology, 15, 113-120. 

(1912) The geological progress of twenty-five years: Ohio State Academy Science, Proceed- 
ings, 6, 20-42. 

(1913) (And E. B. Branson) The later Cenozoic history of the Wind River Mountains, 
Wyoming: Journal Geology, 21, 142-159. 

(1920) Deposits of iron ore near Stanford, Montana: U.S. Geol. Survey, Bull. 715, 85-92. 

(1921) Ore deposits of the Salmon River district, Portland Canal region, Alaska: U. S. 
Geol. Survey, Bull. '722, 117-140. 

(1921) Deposits of chromite in eastern Oregon: U.S. Geol. Survey, Bull. 725, 37-60. 

(1921) Deposits of chromite in Stillwater and Sweet Grass counties, Montana: U. S. Geol. 
Survey, Bull. 725, 67-84. 

(1926) Geology of Delaware County (Ohio): Geol. Survey, of Ohio 4th series, Bull. 30, 
147 pages. ie ; 
(1927) (And Adolph Knopf) Geology of Pioche, Nevada, and vicinity: Am. Institute 

Mining Eng., Transactions, 25, 816-836. 


260 JOHN H. MELVIN 


(1929) William N. Rice, 1845-1928: Science, n.s., 69, 31-32. 

(1929) Memorial of William North Rice: Geol. Soc. Am., Bull. 40, 50-57. 

(1930) White clays or upland flat soils of southern Ohio: Geol. Soc. Am., Bull. 41, 329-340. 

(1932) (And Adolph Knopf and Joseph L. Gillson) Geology and ore deposits of the Pioche 
district, Nevada: U.S. Geol. Survey, Professional Paper 171, 79 pages. 

(1933) (And Richard P. Fischer) Bone beds and crinoidal sands of the Delaware limestone 
of central Ohio: Geol. Soc. Am., Bull., 44, 1161-1172. 

(1936) Memorial of Eugene Wesley Shaw: Geol. Soc. Am., Proceedings for 1935, 311-318. 

(1940) Errors in scientific method: glacial geology: Scientific Monthly, 51, 299-309. 

(1942) Newberry on the Ohio drift: Ohio Journal Science, 42, 215-219. 

(1943) Man’s long story: Scientific Monthly, 57, 155-165. 


MEMORIAL OF HERBERT PERCY WHITLOCK 


FREDERICK H. Poucu, The American Museum of Natural History. 
New York, N.Y. 


For twenty-three years, Herbert P. Whitlock served as Curator of 
Mineralogy at The American Museum of Natural History, where he 
had charge of one of the finest mineral and gem collections in the world. 
In this role his service to mineralogy had several facets, both through the 
popularization of the subject among laymen who happened by accident 
to enter Morgan Hall, but more especially by his stimulation and en- 
couragment of an interest in the subject among impressionable youths, 
many of whom went on to specialize in geological studies in their later 
academic work. Along with this time-consuming educational work he 
carried on his writings, predominantly scientific in the early phases but 
increasingly directed at popular education in his latter years. 

Herbert Whitlock was born July 31, 1868, in New York City, the son 
of Thomas and Caroline V. (Hull) Whitlock. He attended private school 
in New York and graduated from the Charlier Institute in 1884. He then 
went to the School of Mines at Columbia University, where he took an 
engineering course, with a few lectures in geology and mineralogy. He 
studied mineralogy under Professor Alfred E. Moses and did so well 
that, after his graduation in 1889 with the degree of C. E., he was offered 
an assistantship in mineralogy, to help out in Professor Moses’ laboratory 
and classes. He held this position until 1901. A position as assistant in 
mineralogy in the New York State Museum was then offered to him and 
he served in the junior capacity at Albany from i901 to 1904. He then 
was appointed Mineralogist, a rank he held for twelve years. During this 
period he worked actively with the mineral collection of the State Mu- 
seum, rearranging the displays and designing new cases to display the 
minerals to better advantage. He considered the technique of display one 
of his specialties, and so listed himself in reference books. At the same 
time he was very active in mineralogical studies and published some of 
his best work. His second paper after going to Albany was the now long 
out of print, but still very useful, guide to mineral localities of New York. 
He wrote numerous studies of a morphological and crystallographic na- 
ture, specializing particularly on calcite. He taught himself to use the 
gnomonic projection methods and the two-circle goniometer of Victor 
Goldschmidt, and all of his life was rather proud of the fact that he had 
attained his position in mineralogy without further academic study and 
a Ph.D. degree. He became State Mineralogist in 1916 and remained in 
Albany with this title until 1918. 

In 1918, the sudden death of L. P. Gratacap created a vacancy in the 
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Department of Mineralogy at The American Museum of Natural History 
and Mr. Whitlock resigned his state position to accept an appointment 
as Curator and Chairman of the department in New York. This new job 
soon proved to be rather different in its requirements, and he found it 
increasingly difficult to continue his research work and fulfill the de- 
mands of the public at the same time. Feeling that as the Curator of a 
great public collection he owed it to the visitors to tell them interestingly 
the many things he knew about minerals, and to answer their questions 
and identify their unknowns, he concentrated increasingly upon lecturing, 
popular writing, and educational work. 

Mr. Whitlock was for 23 years the Curator of the mineral collection 
before he retired in 1941 to become Curator Emeritus, and he retained 
his affiliation with the department as Research Associate in Jade. His 
interest in jade was stimulated by the bequest to the Museum of the I. 
Wyman Drummond Collection of Jade and Oriental art. Originally feel- 
ing that it was his responsibility to inform himself upon the subject, he 
soon became so interested in the symbolism and mythology illustrated 
by carvings in jade, that he was recognized as an authority upon this sub- 
ject. Many of his later publications deal with this subject, and he was 
honored by an appointment as Honorary Curator of the Wadsworth 
Athaneum and Morgan Memorial of Hartford, Connecticut. 

In addition to the Drummond Collection, the Museum received one 
of its most notable gifts, the William Boyce Thompson collection of 
minerals and jade, during Mr. Whitlock’s term. He took great interest 
in the arrangement of the mineral display and in the proper background 
and setting for the many notable examples. He also designed new gem 
cases and supervised the reinstallation of that important collection, using 
new types of blown glass holders developed with the help of the Museum’s 
staff. Several other important additions were made to the collections dur- 
ing his period of tenure, including the Schettler emerald, the DeLong 
ruby, and most recently, the endowment that accompanies the Thomp- 
son Collection. 

Mr. Whitlock’s many kindnesses and feeling of public responsibility 
can best be illustrated by a few examples. He gave “surplus” minerals 
to boy scouts (and any others who requested the privilege), who could 
identify the specimens from a box he kept in his office. Since the Mu- 
seum sent out no expeditions and as Mr. Whitlock did not enjoy travel 
in automobiles, his field work was very limited, the ‘‘surplus stuff” 
was actually pound material purchased at his own expense from various 
mineral supply houses. He regularly spent Saturday morning in the Mor- 
gan Hall to answer all sorts of questions from the visitors. For many 
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years he ran spring and fall series of lectures on Saturday afternoons, one 
on jade, the other gems, and these were filled year after year, by the 
general public as well as jewelers. 

He was very popular among his fellow curators and though he often 
seemed a little strange with his courtly old world manners, he was gen- 
erally admired through the Museum for his charm and friendliness. He 
was plagued in his later years by rheumatism and failing eyseight, but 
he did not lose his interest in his subject and his fellows, nor his sense of 
humor. Though he was prone to correct people who addressed him as 
“doctor” he often used to say that if he ever caught a college president 
at it, he was going to take him up on it at once, and see what kind of a 
degree he got. 

Mr. Whitlock’s accomplishments led to the reception of many other 
honors, even though he never trapped himself into an honorary doctorate. 
He was Secretary of our Society from 1920 to 1922, and was elected 
President in 1933. He was a Fellow of The Geological Society of America, 
and of the American Academy of Arts and Sciences, a Member of the 
Mineralogical Society of Great Britain, the New York Academy of Sci- 
ences, and of the New York Mineralogical Club. He was Secretary and 
President of the latter organization and was made an Honorary Member 
after his retirement from the museum curatorship. His contributions to 
the Museum made him a Patron of the Museum in 1930. 

The death of Mr. Whitlock has taken another of the popular figures 
of the less specialized type of mineralogist from American science. He 
felt himself that too many of the younger mineralogists were so special- 
ized that they had little love for minerals and little chance to become well 
acquainted with them, when they devoted themselves to the microscope 
or to photographic reproductions of x-ray patterns. Though not a field 
man in his later years, Mr. Whitlock had the love for minerals that is 
essential in good teachers who inspire others to go into the science. His 
general background and earlier training made him a leader at sight identi- 
fication, a first requisite for the position he held so successfully for so 
many years. The failing eyesight which came with his advancing years 
was probably felt most keenly because it prevented him from seeing and 
loving the beauties of the well crystallized mineral specimens that had 
been his joy for so many years. To his friends and relatives, and to the 
hundreds he has helped and inspired, Mr. Whitlock’s passing leaves 
another hole that cannot be filled, but a warm feeling too, when we 
think of him, of pleasure in his memory and in the knowledge that we 
carry on some of his appreciation of the beauty of minerals, that they 
enthuse us as they did him for so many years. 
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PROCEEDINGS OF THE TWENTY-NINTH ANNUAL 
MEETING OF THE MINERALOGICAL SOCIETY OF 
AMERICA AT NEW YORK, N. Y. 


C. S. HuryBvt, Jr., Secretary. 


The twenty-ninth annual meeting of the Society, which was held at the Hotel Pennsyl- 
vania, New York, on November 11-13, 1948, was attended by 232 members and fellows. 
Scientific sessions were held in the afternoon on November 11th and in the morning on 
November 12th and 13th, at which thirty-four papers were presented. Five additional 
papers were given in the afternoon on November 12th at a Conference on The Teaching of 
Crystallography, prior to which the retiring President, Martin A. Peacock, addressed the 
Society on Prospect of Mineralogy. 

The annual luncheon of the Society on November 12th was the best attended of any in 
the history of the Society; 190 fellows, members and guests were present. Following the 
luncheon George Tunell introduced the recipient of the Roebling Medal, W. Lawrence 
Bragg of the Cavendish Laboratory, Cambridge, England. Sir Lawrence is the eighth 
recipient of the medal and the second from England to receive this award. On the following 
pages are given the reports of the officers for the year ending October 31, 1948, as read 
before the Council at its meeting on November 10, 1948. 


REPORT OF THE SECRETARY 
To the Council of The Mineralogical Society of America: 
Society ACTIVITIES 


During the past year two committees, in addition to those handling the routine business 
of the Society, have been active. One of these, with Clifford Frondel as Chairman, has been 
considering the desirability of awarding a medal for a single outstanding contribution to 
the Science of Mineralogy. The other is the Committee on Mineralogical Research, com- 
posed of ten Fellows with Michael Fleischer as Chairman. Its function is to bring min- 
eralogical science to the attention of other groups by: 

1. Pointing out recent accomplishments. 

2. Outlining major work in progress. 

3. Looking to the future with the hope of stimulating research and directing it in certain 

channels. 
The reports of both committees will be published in a future issue of The American Min- 
eralogist. 

In June of 1948 Michael Fleischer was appointed for three years as the representative 
of The Mineralogical Society to the National Research Council. 

Following action taken by the Council in 1947, The Mineralogical Society of America 
became a member organization of The American Geological Institute, and two of its Fel- 
lows, Paul F. Kerr and Earl Ingerson, have been appointed Directors of the Institute. 

During the summer of 1948 the First Congress of the International Union of Crystal- 
lography was held at Harvard University. The Mineralogical Society of America was one 
of the sponsoring organizations. 

‘The Society was represented by several Fellows at the 18th International Geological 


Congress held in England during the summer of 1948. 
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ELECTION OF OFFICERS AND FELLOWS 


Four hundred and sixty ballots were cast in the election of officers: 310 by members 
and 150 by fellows of the Society. The officers elected are: 


President: John W. Gruner, University of Minnesota, Minneapolis, Minnesota. 
Vice-President: J. D. H. Donnay, The Johns Hopkins University, Baltimore, Maryland. 
Secretary: C. S. Hurlbut, Jr., Harvard University, Cambridge, Massachusetts. 

Treasurer: Earl Ingerson, U. S. Geological Survey, Washington, D. C. 

Editor: Walter F. Hunt, University of Michigan, Ann Arbor, Michigan. 

Councilor (1949-1952): Lewis S. Ramsdell, University of Michigan, Ann Arbor, Michigan. 


According to the provisions of the constitution the following have been elected to fellow- 
ship: 


Helen Blair Barlett, AC Spark Plug Company, Flint, Michigan. 

William Howard Barnes, National Research Council, Ottawa, Canada. 

Thomas Fulcher Bates, Pennsylvania State College, State College, Pennsylvania. 
G. F. Claringbull, British Museum (Natural History), London, England. 

Julien Drugman, Uccle (Brabant), Belgium. 

Jesse Harlan Johnson, Colorado School of Mines, Golden, Colorado. 

G. G. Lemmlein, Institute of Crystallography, Academy of Science, U.S.S.R. 
Marie Louise Lindberg, U. S. Geological Survey, Washington, D. C. 

Arthur Montgomery, Beston University, Boston, Massachusetts. 

Hans Jurie Nel, Geological Survey of South Africa, Pretoria, Union of South Africa. 
Willard Hall Parsons, Wayne University, Detroit, Michigan. 

Arthur Lindo Patterson, Bryn Mawr College, Bryn Mawr, Pennsylvania. 
Raymond Pepinsky, Alabama Polytechnic Institute, Auburn, Alabama. 

John Charles Rabbitt, U. S. Geological Survey, Washington, D. C. 

Joseph Leon Rosenholtz, Rensselaer Polytechnic Institute, Troy, New York. 
Richard Edwin Stoiber, Dartmouth College, Hanover, New Hampshire. 
Elysiario Tavora, University of Brazil, Rio de Janeiro, Brazil. 

Benno Wasserstein, Geological Survey, Pretoria, Union of South Africa. 

Herman Yagoda, National Institute of Health, Bethesda, Maryland. 


CHANGES IN THE BY-LAWS 


On the recent ballot fellows and members were asked to vote on the following proposed 
changes in the By-Laws: 


1, That the last three sentences of Article II, Section 1 be changed 


From 


The annual dues for fellows shall be five dollars ($5), payable at or before the annual 
meeting in advance. The annual dues for fellows of the Mineralogical Society of America 
who also pay dues as fellows of the Geological Society of America shall be two dollars ($2), 
payable at or before the annual meeting in advance. This provision shall continue in effect 
as long as the Geological Society of America shall contribute funds which the Council of 
the Mineralogical Society of America shall consider adequate to assist in publication of the 
Journal of The Mineralogical Society of America. 


To 
The annual dues for fellows shall be five dollars ($5), payable in January. 
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2. That Article II, Section 2 be changed 


From 


The annual dues for members shall be three dollars ($3). No person shall be accepted as 
a member unless he pays the dues for the year within th~ee months after notification of his 
election. The annual dues shall be payable at or before the annual meeting in advance. 
To 


The annual dues for members shall be four dollars ($4), payable in January. 


The first change was approved by a vote of 370 in the affirmative with 45 in the nega- 
tive. The second change was approved by a vote of 398 in the affirmative with 50 in the 
negative. 


MEMBERSHIP STATISTICS 
November 1, 1948 


1947 1948 Gain Loss 
Correspondents 6 5 0 1 
Fellows 254 270 20 4 
Members 677 686 177 168 
Subscribers 501 592 127 36 
1438 1553 324 209 


The above figures show a net gain of 16 fellows, 9 members and 91 subscribers. Consider- 
ing the four groups together there is a total gain of 115. Thus for the sixth consecutive year 
there has been a steady increase in members and subscribers, bringing the grand total to 
1553: 

The Society lost through death one Correspondent, A. Lacroix, and four fellows: Alfred 
C. Lane, James G. Manchester, Lewis G. Westgate, and Herbert P. Whitlock. 

Respectfully submitted, 
C. S. Hurvsvt, Jr., Secretary 


REPORT OF THE EDITOR FOR 1948 


To the Council of the Mineralogical Society of America: 

Presenting an annual editorial report for the calendar year at this time offers certain 
difficulties as regards particular details not encountered when meetings were held and re- 
ports given in late December. However, with five issues published and distributed and only 
one still in press, sufficient data are now available to give a general survey of the year’s 
activity. By the time the Editor’s report appears in print the missing data will be available 
and be incorporated, so that the then complete published report can be compared on the 
same basis as the summaries of previous years. 

I think you will agree that from the standpoint of scholarly productivity the Journal for 
1948 has moved forward. From present indications the volume will approach the 800 page 
mark a considerable increase in size (nearly 100 pages) over a year ago. In the main the 
policy of former years has been followed with some slight departures. For some time, in 
certain quarters, there has been expressed the hope that the journal might include, from 
time to time, a number of the more lengthy contributions. This year, as you may recall, we 
have included several of that type. For example, in the May-June number the first article 
covers 61 printed pages, and a number of other lengthy articles have appeared in other 
issues. Also in the matter of articles involving folded inserts, here, likewise, the attitude 


270 (EL So JEROLRE US JK 


has been one of liberality. Two colored plates have also added attractiveness and scientific 
value to the issues in which they appeared. The cost of one of these was charged against 
the funds of the Geological Society while the cost of the other was met by the Bausch & 
Lamb Optical Company. Also, in the matter of illustrations, here again the policy has been 
a very liberal one. In one 33-page article appearing in the July-August number 20 figures 
seemed necessary, 16 of which were full page illustrations. 

It is the Editor’s belief that all these items increase the value and effectiveness of our 
Journal as a national scientific publication. But it will also explain, unfortunately perhaps, 
why the current volume has been such an expensive one. Perhaps in this connection the 
question might very appropriately be asked whether the time has come to consider an in- 
crease in our working capital by advancing our subscription rates. 

There seems little possibility, in the near future, at least, of reducing costs unless we 
limit the length of articles, eliminate folded inserts and colored plates (except when this 
does not involve expenditure by the Society), and reduce the number of free reprints. These 
measures, I am sure, would be considered retrogressive and should only be adopted as a 
last resort. It would seem more desirable to maintain our present standards and policies but 
increase somewhat our subscription price, if increased revenue is needed.* 

The field that we attempt to cover is a large one, and the service rendered is by no 
means restricted to mineralogy in the narrow orthodox sense. To illustrate this extended 
service to related groups, last year the Mineralogist published the abstracts of 28 papers 
presented before The Crystallographic Society of America which was held in March, 
1947. This year a joint meeting was held of The Crystallographic Society of America and 
The American Society of X-ray and Electron Diffraction, and a considerably longer pro- 
gram resulted. The 53 abstracts and five titles of this joint session, as well as the Presiden- 
tial address, appeared in the November-December issue. 

During the past year, there has been no heavy backlog of accumulated manuscripts 
under our present bimonthly system. The expansion in size of the individual issues has 
thus far been able to take care of the papers submitted. Ordinarily, the time interval be- 
tween reception and appearance of the printed article has been from four to six months. In 
some instances a longer time is required, especially if the manuscript is returned to the 
author for revision. This average six months’ interval does not seem unreasonable under 
present conditions, especially when compared with many other scientific publications, where 
the delay may be a year or even longer. 

To the publishers should be accorded their full share of credit for continuing their high 
quality of workmanship and for maintaining a printing schedule that has assured delivery 
without undue delay. 

Once again recognition and deep appreciation is here expressed for the generous and 
timely assistance received from The Geological Society in the form of financial support 
toward defraying a substantial portion of the ordinary publication costs and likewise for 
aid received when colored plates were deemed desirable. 

In a detailed analysis of the Journal for 1948, we find that volume 33 contains 790 
pages, exclusive of index. Leading articles, which number 55, occupy 77.6% of the total 
space. Table 1, which accompanies this report, indicates the distribution of the leading 
articles in the various fields listed. It might be of some interest to note that the average 
length of each of the main articles was slightly over 11 printed pages. 

If to the 55 leading articles we add 18 shorter papers, appearing under the heading of 
Notes and News, we obtain a total of 73 published manuscripts for the calendar year. 


é * At a meeting of the Council held on Nov. 10, 1948, it was announced that a slight 
increase in dues for members and subscribers would be effective beginning Jan. 1, 1949. 
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These contributions were received from 85 contributors associated with 44 different uni- 
versities, research bureaus, and technical laboratories. » 

The Journal for 1948 carried a detailed description of one new mineral—mansfieldite. 
One hundred and ninety-five illustrations of various types assist in clarifying the descrip- 
tive portions of the text. Twelve contributions were received from contributors residing 
outside of the States, representing the following seven countries: Australia, Belgium, 
Brazil, Canada, England, Sweden, and Switzerland. 

The accompanying Table 1 summarizes in detail the distribution of subject matter in 
volume 33. 


TaBLeE 1. DistRIBUTION OF SUBJECT MATTER IN VOLUME 33 


: : Per Cent 
Subjects Articles Pages of Total 
Leading articles* 
Descriptive mineralovyecess- ol eles 11 
@hemicalanineralogy emer ci: sets 16 
Structural crystallography.............. 8 
Geometrical crystallography............ 2 
Retrocraphy omarmninat tee osce eae 2 
Opticalimineralogyiwes seuscinae te ees ac 8 
Wiineralograplive scree ceo acces tak. 1 
Memorials \ 7 
Miscellaneous(o ccc 
55 613 77.6 
Shontetmanticles mas scis=oavihe cin ene ies eins 18 42 
Notes Gime ws meats rcees ete ecreti ates sects 43 12 
proceedings: Ob SOCIELIES;. ayia). esha ss sete 7 104 22.4 
Booka Cvle ws eneteetyn kien fot ie in garece aocon yee 10 9F 
INewamineralemamesisn yen omens oe ome 28 97 
MRO LaNenI LAGS menrer rae nek fara marety eel ores tow asliesloce 161 790 100.0 
HMMs Exar LOIS eho tats | tetra setae cucucm eng sets) oraiy'ens aie 195 
Index, Title page, Table of contents......... 18 
(Gran cdetotalimm esterase cycetenras seers sepslesene 808 


Respectfully submitted, 
Wa ter F. Hunt, Editor 


* Leading articles average 11.2 printed pages each. 


REPORT OF THE TREASURER FOR THE FISCAL PERIOD BEGINNING 
DECEMBER 1, 1947, AND ENDING OCTOBER 31, 1948 


To the Council of the Mineralogical Society of America: 
Your treasurer submits herewith his report for the fiscal period beginning December 1, 
1947, and ending October 31, 1948. 
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RECEIPTS 

Cash on Hand) December 1, 1947.03. 2. 2.0 ses. sea ae eee ee $527 
Duessand subscriptions... spose eee ie ertete take eit ete ear 4,290.95 
Sale Of back mumberss sls svg eves ehece ne Cee aeee at oteatea rN reeset none eee 1,519.82 
Authors’ Charges OM Separateser i case wetter eiciet ss trial iee elie tere ge tte 687 .96 
Interest and dividends from endowment..................--.0eeeeeees 2,937.30 
Payment on principal of Trenton Mortgage stock..................-5-5 405.32 
Geological Society of America aid in printing the Journal............... 3,165.21 
Nok oq ett! een nigd Ave onitin Oetbiehddu pam ao Gumordnidambcay bo onic aus! 143.30 
Saleof 20svolume Index. tees wean ere ee Oe reeds 5.00 
Saleot Index to volumes, 21 —30 Nayak miei incerta n nate nrn aes tiereaar 262.05 
Sale of US. Treasury bond. \socia oe namin ene tL eRe meee p25 le50 

$20,420.64 

DISBURSEMENTS 

Printing and distribution of the Journal (5 issues)..................... $ 7,950.07 
Printing and distribution of separates amie rns el tein ean ee nee 872.61 
To thei Editor, secretary, and “neasurer terse eae ene 1,208.34 
POStage ys ci. otc na in dob cc ee ter dee Oana Ta ec aeee ee ee eaeeee 357.08 
Clerical/and| secretarial assistanceneeeis aaa ee eae ee 509.30 
Office equipment... c caquee ls sce s, a he eee ngs One eee eee 3.00 
Printinszand sta tioneryeren eee ae eee ee eee Sears ee PHS IA 
Safety deposit: box ssviohs sc ceat thie etek ee Ae en eee 7.80 
‘Teléphonesand<teélegtaphi ive. s.ct- ck kien ele cere eee 9.70 
Committee! expenses a..0.. 5 isa eee ek ater ee eee ee ene S50) 
Society: luncheon: 4o.3 ccc Seve gltes Seer ee oe a ee 27.59 
Roebling Medal as. a.a6i6 aut cee escent ore yee eee cn 139.40 
Exchange;charges ont checksiy. tee anich teenie Eine te ees ee ee 2.14 
Refumnd-of dues <.,.ch chaise ce taiaeease reece ol ae aR a 8.50 
Mravel’expensesiol officers ito ;AnnualgMlecetino are irae yee ee 104,12 
New securities purchased =e sec rae ve cee eine See eee ee 5,997.67 
Commission “on mew SCCUrItICS 7 .yaei eter sie earn een 3.518} 
Divadendsadjustmentyonl Stocks meesacr err aetna Hels) 
Program andiabstracts\ (1947) Re crest ieee ae ee ee 313.45 
Dittyeonsproprams Sent Con cea ware anne ciceen eee earn eee 9.00 
Back numbers ofthe sjournalspurchascd perm. et eee ee 34.00 

$17,841.41 
Cash balance. October3 119435 7e 5 anne rice ane ee 2,579.23 

$20 , 420.64 


The endowment funds of the Society as of October 31, 1948, consist of the following 
securities: 


Bonps 
OM. Atlantic(Coast'Limes4o tim crc cekote seine meee $ 5,257.50 
SM\Gleveland Union;s Vernainals oer ee) een ee 5,068.75 
OM Illinois’ Central) ‘4.5 erevcvy ssc hic eee ae nee ae 3,887.50 
oM: New: York Centrale snehccmna ee cee: ieee ae 4,300.00 
5M Southern Railway, 5.3.0.5. 1 oe 5,743.75 


« 'asatlss3/3e-¥ nye 18 9p LOT ah ee RSE Ree ee ee 400.00 


PL ee ee 
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PREFERRED STOCKS 


2Z200ishares; Southern California Edison, 4.88... . ome... se een ce ceccl. $ 5,250.00 

EOS HALES PU Tiina Clie Mave Linn a Ncpaha Soy kit Cae boitnckcc as oot. 4,570.25 
CMienaresJobesand Laurhliny As 5.0). me tcs.c one ca scl owes commen 4,987.50 
S1S).CUNCT ROSTER SS) 73 RS cst an oe ae aR co eae ee 6,946.20 
Soishares,, Vitsiniawblectrmeyé: Power. Co. 5. .....0.we.s.00. Sos. cal ea. 5,942.50 
2% shares; Public service Electric &’Gas Co... 0.0 4 es see cvs scene. 728.40 
TORSharcsmConsoldatedeiidisonsemny ya tara a een ete ete 1,066.64 
37 514/1000 shares, Trenton Mortgage Service................0-.00-. 1,076.05* 


Common Stocks 


DUsharess @hesapeakeandlOhioskailways es ssaaee wees cae $ 2,368.75 
DOshares mennsyivaniavRalroad ant oser ei a eine ina. 1,468.75 
35 shares, American Telephone and Mec ann oid Stick OCRO aneee cae 4,819.32 
ZOshares,otandard Oil of New Jersey... s.20 400 acts ceu sce l see. 1,390.72 
isharew New, Work, Chicago dt. Louisi Railroads... 14.0 sacs ee 37.00 
$05 , 309.58 


* Residual value. 
Respectfully submitted, 
EARL INGERSON, Treasurer 


DANA FUND 


Disbursements are made to needy mineralogists in war areas and to needy families of 
deceased mineralogists in war areas. 


RECEIPTS 

Availapleybalancess)ecem bert O4 Ji meen as citsreys St tare ots easatoeeyn ces uw Sates a ea eine $471.25 
TL CLES LAREN Pe ett ee eas ii toes le hic ccsste aa ae Mos A Psre des Sal sha tate 

$472.42 

DISBURSEMENTS 

TES CbAS eral <5 nse lye Bin lg FO coe ICRP: RUNNIN OT a arc no $100.00 
Availaplesbalance s November den 948 irae sac iseierccs Ps Naretisie cies pla eis sletae ere 372.42 

$472 .42 


Respectfully submitted, 
Eart INGERSON, Treasurer 


REPORT OF THE AUDITING COMMITTEE 


To the President of the Mineralogical Society of America: 

The Auditing Committee has examined and verified the accounts of the Treasurer of 
the Mineralogical Society of America for the fiscal period ending October 31, 1948. The 
securities listed in the Treasurer’s report, with all future coupons on the coupon bonds 
attached, are in the safety deposit box at the West End Branch of the Washington Loan 
and Trust Company in Washington, D. C. 

Respectfully submitted, 
Joun F. SCHAIRER 
GEORGE SWITZER 

K. J. Murata, Chairman 
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ABSTRACTS OF PAPERS PRESENTED AT THE TWENTY- 
NINTH ANNUAL MEETING OF THE MINERALOGICAL 
SOCIETY OF AMERICA, NEW YORK UN. Y= 
NOVEMBER 11-13, 1948 


URANIUM MINERALS FROM THE HILLSIDE MINE, YAVAPAI COUNTY, ARIZONA 


JOSEPH AXELROD, FRANK GRIMALDI, CHARLES MILTON, AND K. J. MURATA 
U. S. Geological Survey, Washington, D. C. 


A mineral assemblage, forming coatings on gypsum at the 300-foot level of the Hillside 
mine, contains a variety of hitherto unknown uranium minerals, together with schroecker- 
ingerite, previously known only from Wyoming and Czechoslovakia. The new minerals 
are bayleyite, Mg2UO2(COs)3 :nH2O, andersonite, NazCaUO2(CO3;)3:nH2O, and swartzite, 
CaMgUO2(CO3)3:nH»O. There are also two other new unnamed substances which are de- 
hydration products of bayleyite and swartzite. Bayleyite, swartzite and andersonite have 
been synthesized. Analyses, optical data and x-ray patterns of the new minerals are given 
together with «-ray patterns of the dehydration products. Schroeckeringerite has been 
analyzed and its formula found to differ from that given in the older accounts in the 
literature; our analysis agrees closely with that of the Wyoming schroeckeringerite re- 
cently reported by Jaffe, Sherwood and Peterson. 


ELECTRON MICROSCOPY OF THE KAOLIN MINERALS 


THOMAS F. BATES, FRED A. HILDEBRAND, AND ADA SWINEFORD 
Pennsylvania State College, State College, Pennsylvania 


The development of the electron microscope has made possible detailed morphological 
studies of the clay minerals. 

Nacrite, dickite, and some kaclinites have been effectively studied with the petro- 
graphic microscope because of their relatively large, well-defined crystals. Endellite, hal- 
loysite, and allophane particles can only be observed in detail at magnifications greater than 
5000 diameters. 

Kaolinite crystals from different localities show appreciable variation in size but in 
only a few instances depart from the characteristic pseudo-hexagonal shape. 

Endellite and halloysite crystals, previously described as “lath-shaped,” are actually 
slender hollow tubes which show a considerable diversification in both shape and size in 
different specimens. The tubes are essentially cylindrical but in many cases are partially or 
completely flattened into ribbons. They are commonly split lengthwise and are often 
“unrolled” to a varying extent. Two, or occasionally more, concentric tubes are frequently 
observed. 

Allophane particles are irregular in shape but similarity to some of the poorly crystal- 
lized halloysites suggests the possibility of a transition between these two minerals. 
Morphological evidence of the presence of intermediate members in a kaolinite-halloysite 
series is lacking. 

Previous electron microscope work by the writer on the illite minerals (hydromicas) has 
shown that morphological differences bear a direct relation to the geological history of the 
rock in which they occur. The present work suggests that variations in the morphology of 
the kaolin minerals can be related to the mode of formation and subsequent history of the 
clay. 
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X-RAY MEASUREMENTS ON VAUQUELINITE 


L. G. BERRY 
Queen’s University, Kingston, Ontario 


New observations on vauquelinite crystals from Beresovsk, Urals, yield the following 
data: Monoclinic, P2;/n. The unit cell, with a=13.68, b=5.83, c=9.53 A, B=93°58’, 
a:b:c=2.3465:1: 1.6346, contains (Pb, Cu)12[(Cr, P)Ou,Js. Specific gravity 6.06 (measured, 
Dana), calculated 6.03 for 4[Pb2Cu(CrO,)(PO,)]. A well marked pseudo-cell with half 
the volume of the true cell and 2a’=[101], b’=b, 2c’=[101] has the same orientation and 
axial ratio as the morphological unit chosen by Goldschmidt. 


REMAINS OF A GABBRO-GRANITE TRANSITION IN 
NORFOLK COUNTY, MASSACHUSETTS 
FELIX CHAYES 
Geophysical Laboratory, Washington, D. C. 


In a gradational transition specimens from the actual transition zone ought to be char- 
acteristically intermediate in composition. Compatibility with a “rectangular” or “equal 
frequency” parent distribution in the range of intermediate composition is suggested as a 
minimum criterion of gradation, and the statistical device of a one-sided chi-square test is 
proposed as a means of testing this compatibility. 

The test is applied to a suite of specimens taken from a ‘“‘gabbrodiorite’’-“granodiorite”’ 
contact zone well exposed along route 128 in the townships of Dedham and Westwood, Nor- 
folk Co., Mass. 

These rocks are all extensively altered, but the alteration seems to have had little ef- 
fect on the distribution of quartz. The quartz distribution is clearly incompatible with the 
proposed definition of gradation, rocks of intermediate quartz content being very scarce. 
It is concluded that this contact offers no evidence of an original gradation from gabbro to 
granite. 


LITHIUM-BEARING PEGMATITES IN NORTHERN QUEBEC 


DUNCAN R. DERRY 
Toronto, Ontario 


Lithium minerals, especially spodumene, are typical of many of the pegmatites occur- 
ring along the margins of a granitic stock in LaCorne Township, north of Val D’Or, Que- 
bec. Recent diamond drilling has shown some interesting features in the structure and com- 
position of these dikes. 

The majority of the dikes strike nearly parallel to the nearest part of the granite contact 
and dip towards the centre of the stock. They occur both within the granite and just out- 
side it in basic lavas or sediments. 

The unusual feature of their composition is the uniformity in texture and average per- 
centage of the spodumene in individual dikes. One series of such dikes on the north side of 
the stock shows an average spodumene content of about 25%, The crystals are arranged in 
a parallel pattern norma! to the walls and are accompanied by feldspars, quartz, and minor 
amounts of beryl and tantalite. The texture of the more consistent dikes is finer than is usu- 
ally seen in pegmatites. These finer-grained, uniform dikes are usually close to the granite 
contact while those closer to the centre of the stock are more variable in texture and 
spodumene content and contain more beryl. 

No evidence has so far been seen that the present minerals were formed by replacement 
of earlier minerals in the dikes. 


276 CS ORE BU ii 


LIQUID INCLUSIONS IN HALITE AS A GUIDE TO GEOLOGIC THERMOMETRY 


ROBERT M. DREYER, ROBERT M. GARRELS, ARTHUR L. HOWLAND 
University of Kansas, Lawrence, Kansas; Northwestern University, 
Evanston, [linois 


The gaseous phase of primary liquid inclusions in sedimentary Kansas halite vanishes 
between 70 and 100°C. This temperature probably is much above those temperatures 
generally prevailing in the Permian seas at the time of salt deposition. It is suggested that, 
if the liquid inclusion method is a valid guide to geologic thermometry, the method gives, 
after pertinent pressure corrections, only the temperature of the solution at the surface of 
the crystallizing material and that the general temperature of the mineralizing solutions 
may be much below that indicated by the liquid inclusions. 


RETGERSITE, NiSO,:6H,0, A NEW MINERAL 


CLIFFORD FRONDEL AND CHARLES PALACHE 
Harvard University, Cambridge, Massachusetts 


The well-known artificial compound, tetragonal NiSO,-6H2O, is described from five 
natural occurrences: with morenosite and minasragrite at Minasragra, Peru; with anna- 
bergite at Cottonwood Canyon, Churchill Co., Nevada, at Lobenstein, Thuringia, and at 
Lichtenberg, Bayreuth, Bavaria; and with ferroan chalcanthite at the Gap Nickel Mine, 
Lancaster Co., Pennsylvania. Tetragonal trapezohedral, with a:¢=1:2.:7038 (artificial; 
Scacchi, 1863); a9=6.765 kX, co=18.20, ao:co=1:2.690 (Minasragra). Uniaxial negative, 
with nO=1.510, nE=1.486 (natural). Crystals from Minasragra are short prismatic 
[001] with {001}, {110}, {011}, {012}; also found as fibrous crusts and veinlets. Color 
blue-green. G 2.04 (Nevada). Cleavage {001} perfect, {110} in traces. Analysis gave: 
NiO 26.87, MgO 0.65, FeO 0.63, SO; 30.32, H2O [41.53], total [100.00] (Nevada). The name 
retgersite is proposed for the mineral] in honor of J. W. Retgers (1856-1896), Dutch chemi- 
cal crystallographer. 

Only four of the twenty-three reported natural occurrences of morenosite, orthorhombic 
NiSO,-7H;0, can be said definitely to be of that species. 


‘BASALTIC FAN JOINTING INDUCED BY AQUEOUS CHILLING 


RICHARD E, FULLER 
University of Washington, Seattle, Washington 


At Rock Island, Washington, the eastern escarpment of the Columbia River Valley ex- 
poses a thick basaltic flow with marked “ball and socket” columnar jointing. Locally this 
flow shows the development of well defined columnar fan jointing radiating from vertical 
cracks which formed cooling surfaces. Laterally the fans grade rapidly from fine to coarse 
horizontal columns which have been confused with dikes. An alternation of smooth and 
rough transverse surfaces on the joint prisms of the fans as well as on the vertical columns 
of the flow also suggests exceptional acceleration of chilling. This chilling is considered to 
have been induced by the flooding of the surface of the flow with water, the presence of 


which is indicated by overlying palagonitic breccia formed by the aqueous granulation of a 
subsequent flow. 


HYDROTHERMAL SYNTHESIS OF ENARGITE AND TENNANTITE 


R. V. GAINES 
Harvard University, Cambridge, Massachusetts 


Crystallized enargite (CusAsS,) and tennantite (Cuj2AsSi3) have been synthesized 
hydrothermally at temperatures in the range 350°-430°C. Arsenolite, orpiment, and several 
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unidentified substances were obtained in minor amounts in some instances concomitantly 
with enargite or tennantite. The reactants, which variously included Cu, CuCl, CuCh, 
CuS, As2S3, As,O5, S and NasS, together with water, were sealed in Vycor tubes and heated 
within steel pressure bombs of conventional design. The laboratory conditions favorable to 
the formation of enargite and tennantite were explored by variation of temperature, 
composition and pH of the solutions. 


SOME ASPECTS OF THE SYSTEM NaAISiO,-CaO - Al,O; 


JULIAN R. GOLDSMITH 
University of Chicago, Chicago, Illinois 


The thermal-equilibrium relationships in the system NaAISiOu-CaO - Al,O; have been 
investigated. Complex relations exist at temperatures above the carnegieite-nepheline in- 
version range, the system at these temperatures being quaternary in nature. At lower 
temperatures, in the stability field of nepheline, simplification to a binary system is ob- 
served over a considerable portion of the system, due to the ability of nepheline to take up 
somewhat over 60 per cent CaO - Al.O; in solid solution. The complexity at higher tempera- 
tures is due to the inability of carnegieite to include more than a small amount of CaO- 
Al,O3inits structure, and to theintrusion of fields of B-AlyO3, corundum, and CaO - 2A],03. 

Soda volatilization is significant in the system, and apparently the rate is increased as 
lime is added. As soda is lost, B-Al,O3 or corundum tend to crystallize. The possibility of 
this effect being related to the corundum present in some alkaline rocks, particularly those 
associated with limestone, and to soda enrichment (albitization, etc.) of the country rock is 
discussed. 


RETROGRESSIVE ALTERATION FOLLOWING GRANITIZATION AND RHEOMORPHISM 


G. E. GOODSPEED 
University of Washington, Seattle, Washington 


At Cornucopia, Oregon, some areas of granitic rock are transected by numerous 
parallel alteration bands a few feet apart. They range from a fraction of an inch to 2 inches 
in width and have outer borders of sericitized and kaolinized granodiorite. Quartz is the 
chief mineral with some microcline and orthoclase. Were it not for the strong evidence 
that the granitic rock has been formed by metamorphism rather than consolidated from a 
magma, these bands would be interpreted as of deuteric origin. The sericitization and 
kaolinization are indicative of temperature lower than that which obtained during granitiza- 
tion. 

Rheomorphic dikes in this region exhibit crystalloblastic microtextures and pro- 
nounced flow structures. Some of these dikes, which are 4 or 5 feet wide and nearly vertical 
in attitude, are horizontally transected by light-colored alteration bands, up to 2 inches in 
width, several inches apart. These bands pinch out in the wall rock within 2 inches from the 
dike. They contain a few horizontal veinlets of epidote and chlorite. In a large thin section, 
it can be seen that the contacts with the unaltered part of the dikes are indistinct and that 
relict flow structure continues through them. Most of the original mafics of the dike have 
disappeared and even some of the plagioclase has been partially epidotized as well as kaolin- 
ized. There has been an apparent increase of alkali feldspar and quartz. It seems, therefore, 
that there is a close analogy in the mode of origin of these alteration bands to deuteric 


processes in igneous rocks. 
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PRE-BELTIAN ROCKS NEAR DILLON, MONTANA* 


E. WM. HEINRICH 
University of Michigan, Ann Arbor, Michigan 


Three major units of pre-Beltian metamorphic rocks occur near Dillon, Montana. The 
oldest consists of a series of banded gneisses that are similar to rocks of the Pony Series. 
Above these lies a group of marbles, schists, and quartzites, about two miles thick, belong- 
ing to the Cherry Creek Series. Hornblende gneiss, which is interlayered with these meta- 
sediments, represents chiefly metamorphosed mafic sills, for vestiges of earlier contact 
metamorphic effects are preserved and locally the gneisses transect the marbles. Cutting 
both Pony and Cherry Creek rocks is a batholith of red granite gneiss (Blacktail granite 
gneiss). Transecting these units are dikes and irregular sheets of pegmatite, diabase, and 
periodotite, unmetamorphosed and of uncertain age. 


THE MOORE COUNTY METEORITE; A FURTHER STUDY WITH COMMENT 
ON ITS PRIMORDIAL ENVIRONMENT 
H. H. HESS AND E. P. HENDERSON 
Princeton University, Princeton, New Jersey; U. S. National Museum, 
Washington, D. C. 


The Moore County meteorite in bulk composition resembles a Sudbury norite. The 
pyroxenes present were initially a single phase, pigeonite. This has undergone a compli- 
cated series of changes from which it is deduced that the temperature of the original 
environment was approximately 1135°C. and that the meteorite left this environment 
with catastrophic suddenness. Investigation of the fabric of the meteorite indicates a well- 
developed dimensional orientation of the plagioclase and pyroxene. The plagioclase 6 and 
c crystallographic axes and the pyroxene c axis tend to lie in one plane. The fabric is con- 
sidered to represent primary layering developed by crystal accumulation on the floor of a 
magma chamber. This crystallization differentiation must have occurred in the original 
environment. Various lines of evidence suggest that the parent body from which the 
meteorite came was of the same order of magnitude of size as the Earth. 


THE DISTRIBUTION OF ACCESSORY ELEMENTS IN PEGMATITES 


H. D. HOLLAND AND J. L. KULP 
Columbia University, New York 


A mathematical theory for the distribution of accessory elements in the minerals of 
pegmatites is derived. The admittance of accessory elements by crystal lattices, the dis- 
tribution of accessory elements as a function of the distance from the wallrock-pegmatite 
contact, and the effect of disturbing factors on the cooling history of a pegmatite are dis- 
cussed. The theory is illustrated with an artificial example, and suggestions are made rela- 
tive to its testing by experimental data. It is proposed that such testing will elucidate the 
mechanism of pegmatite formation. 


ABSORPTION OF INFRA-RED RADIATION BY CLAY MINERALS 


W. D. KELLER 
University of Missouri, Columbia, Missouri 


Absorption of infra-red radiation by clay minerals varies both in intensity and in wave 
lengths with the variety of clay mineral in the absorption chamber. Preliminary measure- 
ments suggest that certain clay minerals have characteristic infra-red absorption patterns, 
and that the absorption curves may be of help in the identification of clay minerals. Ex- 
amples of absorption curves are shown. 


* Published by permission of the Director, Montana Bureau of Mines and Geology. 
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THE PHYSICAL ANALYSIS OF POLYCOMPONENT GARNET 


S$. BENEDICT LEVIN 
Signal Corps Engineering Laboratories, Fort Monmouth, New Jersey 


The widespread occurrence and compositional variation of garnet, in relation to the 
character of the rock facies in which it is indigenous, make it a useful diagnostic mineral 
in many petrologic problems. This places a premium on methods for the relatively rapid 
and accurate determination of garnet composition, especially where many specimens or 
very small amounts of clean material are involved. For detailed compositional correlation 
the 3-component solutions afforded by the triangular diagrams of Ford and Winchell do 
not suffice, since most garnet specimens (probably over 85%) contain 4 or 5 of the theo- 
retical component “molecules” in significant amounts, that is, one mol percent or more. 
Good 4-component solutions are afforded by the measurement of 3 physical properties 
which are independent (non-parallel) functions of the compositional variation, viz: index 
of refraction m, specific gravity G, and lattice constant ao. These values may readily be 
applied to an algebraic solution or to the tetrahedral graphical solution of Philipsborn, and 
(with the same data) will yield quantitative results considerably better than the geometric 
estimates of Stockwell. 

For most occurrences, however, only a 5-component solution in terms of pyrope, 
almandite, spessartite, grossularite, and andradite, will account for 99% or more of each 
garnet specimen. Such solutions are afforded by supplementing the 3 physical measure- 
ments (7, G, ao) with a rapid partial chemical analysis for either MnO or FeO. With these 
4 measured quantities, and the summation to 100% providing the fifth, it is possible to set 
up and solve 5 simultaneous equations to yield the values of the 5 unknowns, i.e. the 
molecular proportions of the 5 component molecules. In connection with a recent study 
of Adirondack garnets, a general solution of the 5 simultaneous equations has been made 
and the algebraic calculations thereby abbreviated to about 20 minutes of machine calculat- 
ing. In laboratories having the usual equipment, an x-ray diffraction camera, thermally 
calibrated high-index liquids, a micro-pycnometer, etc., this composite method results in 
considerable saving of time over wet chemical methods, especially where many analyses are 
needed. By measuring N to +.001, G to +.005, ay to + .002 A, and MnO to +.2%, results 
accurate to +1 mol per cent are obtained. Examples from the author’s recent work are 
cited in illustration. 


ARROJADITE AND GRAFTONITE FROM THE NICKEL PLATE MINE, SOUTH DAKOTA* 


MARIE LOUISE LINDBERG 
U. S. Geological Survey, Washington, D. C. 


The iron phosphate described by Headden in 1891 from the Nickel Plate mine, South 
Dakota was reexamined. This material, not originally named, was later termed headdenite 
by Quensel and Mason, but is now known to be type unoxidized arrojadite. The massive 
sample appeared homogeneous, but a fresh interior surface showed graftonite, quartz, 
muscovite, and cassiterite. Thin sections show that the cassiterite occurs as subhedral 
grains or as thin seams containing rows of halos in the cleavage of the arrojadite. The 
analysis of arrojadite is: insoluble 0.11, NazO 6.40, K,O 1.74, CaO 2.46, FeO 28.22, MnO 
15.78; MgO 1.04, LizO 0.09, Al,O3 2.66, FezO3s none, P20; 40.00, H,O+0.91, F 0.80; total 
100.21, less O=F» 0.34, total 99.87. Optical constants are; a=1.664, 8=1.670, y= 1.675, 
biaxial negative, 2V=86°, r<v strong, X colorless, Y pale green, Z pale yellow green. The 
three strongest lines in the x-ray powder pattern are 3.04 A, 2.715 A, and 3.22 A. The analy- 
sis of the graftonite is: insoluble 0.16, MnO 21.81, FeO 30.70, FeO; none, AlzOs 0.20, TiO2 
none, CaO 6.00, MgO 0.10, P20; 39.66, HzO 0.60, LizO 0.05, Na2O 0.28, K.O none, F 0.20; 


* Published by permission of the Director of the U. S. Geological Survey. 
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total 99.76, less O=0.08, total 99.68. The optical constants are a=1.713, B=1.719, ¥. 
= 1.739, biaxial+, 2V=60°, r>v strong, X=Y-=colorless, Z= pink. The three strongest 
lines are 3.96 A, 3.21 A, and 4.18 A. 


ANALCIME SUITE OF IGNEOUS ROCKS, BREWSTER COUNTY, TEXAS 


JOHN T. LONSDALE AND KATHRYN K. O’NEILL 
University of Texas, Austin, Texas 


In southern Brewster County, Texas, a distinctive suite of alkalic rocks containing 
analcime is present in small laccoliths, sheets, sills, and dikes. The most abundant rock 
types are plagioclase-orthoclase (orthoclase, soda orthoclase, anorthoclase) rocks with au- 
gite, aegiritic pyroxene, olivine, apatite, analcime, and ore minerals. Biotite and horn- 
blende are present in some specimens. Two masses contain nepheline rocks. These rocks 
have been called analcime basalt, nepheline basalt, trachybasalt, trachydolerite, syeno- 
gabbro, syenodiorite, and plagioclase syenite depending upon differences in texture and 
small but distinct mineralogical differences. 

In many of the masses syenitic differentiates containing analcime, alkalic feldspar, 
aegiritic pyroxene, hornblende and biotite are present. Blebs, stringers, and small irregular 
bodies of syenite are common. In a few of the masses much larger bands and irregular 
masses are common. Some of these appear to be pegmatitic, others aplitic in character. 
The manner of occurrence and constant association of the differentiates preclude separate 
intrusions. 

In all the rocks analcime formed late but is present in chilled borders of the larger 
masses as well as in the differentiates. There is evidence to indicate that it was nearly con- 
temporaneous with alkalic feldspar, hornblende, and aegiritic pyroxene in the differentiates. 

The complete suite shows a considerable range in composition and together with the 
mineral sequence suggests that the magmas were undergoing reaction when solidification 
occurred. The range of analyzed specimens is SiOz2, 40.17—61.28; Al2O3, 13.44-18.75; Fe2Os, 
1.81-4.21; FeO, 1.53-9.72; MgO, 0.40-12.32; CaO, 1.24-12.55; Na,O, 2.22-6.44; K,O, 
0.71-6.56; TiO2, 0.67-3.51; P2Os, 0.11-1.04. 

CHARTING FIVE AND SIX VARIABLES WITHIN THE BOUNDING 
TETRAHEDRA OF HYPERTETRAHEDRA 
JOHN B. MERTIE, JR.* 
U.S. Geological Survey, Washington, D. C. 


Triangles, tetrahedra, and hypertetrahedra may be used as reference frames for chart- 
ing variables whose sums equal unity. The number of variables that may theoretically be 
charted equals the number of vertices in the figure. 

Hypertetrahedra of n dimensions are bounded by points, lines, triangles, tetrahedra, and 
hypertetrahedra of n—1 and fewer dimensions. Direct geometric charting within hyper- 
tetrahedra is impossible, as such figures can not be envisaged or constructed; but the vari- 
ables may be plotted in groups within the bounding triangles of tetrahedra. 

Methods have recently been presented by the writer for charting five, six, or seven 
variables in the bounding triangles of hypertetrahedra of four, five, and six dimensions. 
Methods are now given for charting five and six variables within the bounding tetrahedra 
of hypertetrahedra of four and five dimensions. For seven variables, these methods have 
little advantage over charting within the bounding triangles. 

Analyses are arranged in all possible groups of four variables, and each group is recom- 
puted to equal unity, or 100 per cent. These groups are plotted as points within the bound- 
ing tetrahedra; and each point is then projected orthogonally onto some selected tetra- 


* Published by permission of the Director, U. S. Geological Survey. 
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hedral face. From an assemblage of such projected points, contour maps are made. Thus 
five variables are represented by five maps, and six variables are represented by fifteen 
maps. 

Quadriplanar and trilinear coordinates are used. Negative coordinates and their uses 
are explained; and methods are given for amplification of scale when needed. For drawing 
contour maps, empirical arrangements of the tetrahedral ‘aces of the bounding tetrahedra 
are presented. 


THE ISOTHERMAL BOLYBARIC SATURATION CURVE AT 400° IN THE 
SYSTEM H,.O-Na,0-Si0, 
GEORGE W. MOREY 
Geophysical Laboratory, Washington, D. C. 


The system H,O-NazO - 2SiO, can be treated as binary, and the lowering of melting 
point determined under increasing water pressure, only until about 600°. Then the solubil- 
ity of Na,O and in the vapor SiO: begin to be significant; and since the vapor contains 
more Na,O than corresponds to the compound the system must be considered as ternary. 
Just below the critical end-point of water the solubility of Na2O - 2SiOz falls to practically 
zero, and the first critical end-point is practically at the critical point of water. The second 
critical end-point is a ternary one. Mixtures corresponding to the eutectic between sodium 
disilicate and water have a continuous solubility curve, so there must be a critical region 
bounded on both the high-silica and the high-soda sides. The isothermal polyboric solubil- 
ity curve at 400° has been studied, with analyses of both vapor and liquid phases. 


GEIKIELITE, A NEW FIND FROM CALIFORNIA* 


JOSEPH MURDOCH AND J. J. FAHEY 
University of California at Los Angeles, California, and 
U.S. Geological Survey, Washington, D. C. 


Geikielite, a magnesium titanate, has been found at the Jensen Quarry, Riverside 
County, California. 

The mineral occurs in tiny grains and crystals sparingly disseminated through the 
crystalline brucite-limestone of the quarry, associated particularly with concentrations of 
minute grains of flesh-colored spinel. 

In color it is deep red to nearly black, transparent red in thin crystals or fragments. 
Its specific gravity is 3.79. 

Measurable crystals are rhombohedral, with the base dominant, one rhombohedron 
usually well developed, three others occasionally present. Forms, (0001), (1011), (2025), 
(0221), (0112). 

X-ray powder photographs, which can be completely indexed, confirm the structure 
to be C%;, with c/a=2.67, checking with the ilmenite group. 

Composition was determined by chemical analysis of carefully purified material: 
TiO, 64.9, Al,O3 1.3, MgO 31.8, FeO 1.4, MnO 0.4, SiOz 0.9. 


IGNEOUS ROCKS OF THE CAPITAN QUADRANGLE, NEW MEXICO 


LEROY T. PATTON 
Texas Technological College, Lubbock, Texas 


Igneous rocks of the Capitan quadrangle, New Mexico, occur in the Capitan, Patos, 
Carrizo, Vera Cruz, and Sierra Blanca mountains, and in numerous small intrusions, 
dikes, sills and extrusive flows. The results of quantitative mineralogical analyses and the 
modes of the rocks are given. 


* Published by permission of the Director, U. S. Geological Survey. 
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SCORZALITE FROM SOUTH DAKOTA: A NEW OCCURRENCE* 


W.T. PECORA AND J. J. FAHEY 
U. S. Geological Survey, Washington, D. C. 


The mineral association, chemical analysis, and physical properties of scorzalite from 
a new occurrence are described. Analyzed material from the Victory pegmatite, near 
Custer, S. D., contains 17.06 per cent FeO, 2.93 per cent MgO, and has a Fe: Mg molec- 
ular ratio of 3:1. Scorzalite from this locality is the richest in iron of the known members 
of the lazulite-scorzalite isomorphous series. 


HIGH POTASH VOLCANIC ROCKS, ST. FRANCOIS MOUNTAINS, MISSOURIt 


FORBES ROBERTSON AND CARL TOLMAN 
Montana School of Mines, Butte, Montana; Washington University, St. Louis, Missouri 


The Pre-Cambrian of the St. Francois Mountains of Missouri is characterized by acidic 
igneous rocks including granites, intrusive porphyries and volcanics of various types. There 
are also some regionally distributed small gabbroic intrusions. The felsite flows are divided 
into two groups, both of which are characteristically high in potash feldspars. The feld- 
spars of the younger group are characteristically perthitic. The feldspars of the older group 
and the rocks as a whole are high in potash and deficient in soda and lime. These rocks, 
especially the very high potash ones, are unique. The distribution, petrographic character, 
and chemical composition of these rocks are given. 


THE SYSTEM K,0-Mg0O-SiO, 


EDWIN W. ROEDDER 
Columbia University, New York 


The phase diagram of the more geologically significant portions of the condensed sys- 
tem has been determined by the quenching technique. Four new ternary compounds were 
found and their thermal relationships determined. Their compositions are K,0 -5MgO 
-12Si02, K20 - MgO - 5SiO2, K20 - MgO - 3SiO2, and K20 - MgO - SiO2(?). The first of these 
may possibly occur naturally but has not been reported. The second and third appear to be 
isomorphous with leucite and kalsilite respectively, and the last is of comparatively little 
geologic interest. Composition and temperature have been determined for 23 of the invari- 
ant points occurring in the system. The geologic significance of the diagram in connection 
with the determination of the stability relationships of biotite is discussed, and a synthesis 
of phlogopite from a K,O-MgO-Al],03-SiO2 glass at a temperature of 900°C. and 15,000 
P.S.I. water pressure is reported. These studies were made at the Geophysical Laboratory 
during 1947-48 on a Carnegie Institution of Washington fell wship. 


VARIATIONS IN DIFFERENTIAL THERMAL ANALYSIS CURVES OF SIDERITE 


RICHARDS A. ROWLAND AND EDWARD C. JONAS 
Houston, Texas 


Differential thermal analysis curves of siderite obtained from samples minutely ground, 
diluted, variously packed, and combinations thereof are shown to frequently suppress the 
endothermic loop associated with the loss of CO». The effect of these variations on siderite 
DTA curves, which involve the loss of CO: followed by oxidation of FeO, is attributed, in 
part, to the diffusion of gas, both ways, through a packing and to differences in heat transfer. 


* Published by permission of the Director, U. S. Geological Survey. 
} Presented by permission of Edward L. Clark, State Geologist of Missouri. 
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PHASE EQUILIBRIUM RELATIONS IN THE QUATERNARY SYSTEM 
K,0-MgO-Al,0;-Si0, 
J. F. SCHAIRER 
Geophysical Laboratory, Washington, D. C. 


Phase equilibrium studies are in progress or have recently been completed on six tri- 
angular joins within the quaternary system. Data are complete for the joins leucite— 
forsterite—silica, leucite—forsterite—potassium disilicate, and cordierite—forsterite—leu- 
cite; nearly complete for the joins leucite—clinoenstatite—potassium tetrasilicate and 
cordierite—leucite—silica; and in progress on the join cordierite—clinoensiatite—leucite. 

Only one of these joins, leucite—forsterite—silica, is a ternary system within the 
quaternary system. This ternary system is, therefore, a composition plane which locates a 
temperature maximum in each quaternary univariant line which pierces this plane and thus 
effectively partitions the quaternary system. During crystallization of any type, no liquid 
can cross this composition barrier. This ternary system illustrates in a very striking manner 
the direction of change of composition in residual liquids from the fractional crystalliza- 
tion of a simplified magma. The femic constituents (in this case the olivine, forsterite and 
the pyroxene, clinoenstatite) are nearly completely removed first, leaving residual liquids 
that are potash-alumina-silicates. Appropriate compositions in the system, even though 
there is less than one half of one per cent forsterite in their total composition, crystallize 
the femic constituent clinoenstatite first and yield a residual liquid almost quantitatively 
free from the femic constituent. 

The phase equilibrium data for the six joins are the first evidence bearing on the mutual 
stability relations of the rock-forming minerals—olivine, pyroxene, cordierite, leucite, 
potash feldspar, spinel, mullite, tridymite and cristobalite—in this quaternary system. 
There is evidence for solid solution in cordierites, and solid solution between leucite 
(K20 - Al,03-4SiO2) and K,0-MgO-5SiO: and between K,0- MgO -3SiO2 and kalsilite 
(K20 - Al.O3 - 2SiO2). 


PETROLOGY OF VOLCANIC ROCKS OF NORTHEASTERN NEW MEXICO 


HELEN STOBBE 
Smith College, Northampton, Massachusetts 


The igneous rocks described in this paper, were collected in an area about 86 by 50 
miles in northern Union and eastern Colfax Counties, northeasternmost New Mexico. 
Lava-capped mesas and volcanic cones form prominent topographic features. The rocks 
are classified on a mineralogic basis. Basalts are the most widespread, dacites and andesites 
occur in subordinate amounts, and alkaline rocks as phonolites and soda trachytes are local- 
ized in about 24 square miles in central eastern Colfax County. Petrology substantiates 
three main periods of basaltic extrusion which physiograpby indicates; namely, Raton 
(earliest), Clayton (intermediate) and Capulin (recent). Olivine basalts predominate in all 
three periods and are mineralogically similar with textural variations. Raton basalts are 
the most uniform in texture and mineralogy. Clayton flows are predominately olivine 
basalts but include olivine basalts with quartz inclusions, analcime basanite, nepheline 
basalts, haiiyne basalt and olivine-free basalts. Red Mountain dacites have built volcanic 
cones and occur as plugs and necks. The alkaline suite is sodic in character. Chico phono- 
lites occur as flows chiefly; and Slagle trachytes associated with tinguaites and analcime 
microfoyaites occur in lesser amounts than the phonolites and are usually intrusives. The 
sodic rocks fall in line with the other alkaline groups which occur along the eastern front 
of the Rocky Mcuntains from British Columbia to Mexico. Dike rocks include leucocratic 
varieties as hornblende dacite, phonolite, tinguaite and analcime microfoyaite; and melan- 
ecratic varieties as olivine basalt and lamprophyres (vogesite and monchiquite). The 
diverse rock types are believed to have originated from a parent olivine basalt magma. 
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THE ANALYSIS OF ROCK-FORMING MINERALS BY SPECTROCHEMICAL 
METHODS IN PETROLOGICAL RESEARCH 
LESTER W. STROCK 
Saratoga Laboratories, Inc., Saratoga Springs, New York 


The possibility of using spectrochemical methods of analysis for determining the chemical 
compositions of rock-forming minerals in petrology has been examined, with a view of 
making both more unique and rapid characterizations of rocks than is at times possible by 
conventional petrographic methods. Such methods can at least provide data to supplement 
and check those obtained by optical crystallography; if not largely replace them. 

Methods have been devised for determining the major and important minor constitu- 
ents in garnets and ferromagnesian minerals. Work on micas and feldspars is in progress 
and will be reported later. The methods are applicable for analyzing rocks and minerals 
separated from the rocks. Samples weighing as little as 1 mg. may be accurately analyzed 
which makes it possible to study individual mineral grains and fragments of zoned crystals. 
Actual mineral samples of accurately known chemical analysis were used as standards. In 
addition to the major constituents, minor elements, such as Cr, Ti, V, etc., which are 
known to influence certain optical properties, can be determined simultaneously. One 
limitation is the necessity of determining only total iron. 


ARTIFICIAL QUARTZ BY HYDROTHERMAL METHODS 


A. C. SWINNERTON 
Antioch College, Yellow Springs, Ohio. 


Quartz has been grown by several investigators but obtaining continuous growth to 
produce large single crystals is a special problem. The present investigation, sponsored 
by the U. S. Army Signal Corps, has canvassed systematically the growth fields for a range 
of concentrations of NaCl, NaCl with alkalinity adjusted with NaOH, at 400°C, with 
and without temperature gradient, in the range of 3000 to 6000 psi, using fused silica as 
source material and AT-cut plates (crystalline) as seeds. The results are presented, the ef- 
fect of the critical temperature is discussed and suggestions are made regarding the chem- 
ical reactions involved. 


THE VARIABLE INVERSION TEMPERATURE OF QUARTZ AS A 
POSSIBLE GEOLOGIC THERMOMETER 
0, F. TUTTLE 
Geophysical Laboratory, Washington, D. C. 


The inversion temperature of quartz has been found to vary as much as 1.89°C. All 
quartz specimens so far investigated from high temperature sources (e.g., phewocrysts in 
lavas) invert at a lower temperature than quartz from low temperature deposits (e.g., 
grown in vugs in limestone). The variation is believed to be due to solid solution, probably 
predominantly of the interstitial type. The high temperature modification has a more open 


structure, permitting a greater amount of solid solution with consequent lowering of the 
inversion temperature. 


WHAT IS A MINERAL? 


ALEXANDER N. WINCHELL 
Hamden, Connecticut 


The old definition of a mineral as a natural inorganic substance of definite chemical 
composition is criticized, a new definition is proposed, and its effects are illustrated. 
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THERMAL STUDY OF RHODOCHROSITE 


HAROLD D. WRIGHT, J. LAURENCE KULP, AND RALPH J. HOLMES 
Columbia University, New York 


Representative specimens of rhodochrosite from many localities have been examined 
by the method of differential thermal analysis in order to establish the form and variations 
of the thermal curve of the mineral, and to study the effect of cation substitution on its 
thermal behavior. The optimum conditions of sample and apparatus providing reproducible 
thermal curves for this mineral group are discussed. 

The endothermic peak was found to reproduce more consistently than the exothermic, 
varying from 609°C. to 724°C. but only one specimen gave an endothermic peak higher than 
667°C. The majority range from 609°C. to 635°C. The temperature at which the endo- 
thermic peak occurs is raised by the presence of Ca and Mg and is lowered if iron substitutes 
for manganese in the lattice. 

The materials used in the thermal work were checked by means of x-ray powder pat- 
terns and semi-quantitative tests for the cations in question. 

Séveral specimens of manganocalcite varying widely in manganese content indicate 
that the substitution of Mn for Ca in the series calcite-rhodochrosite is probably continu- 
ous and unlimited. 


ACTIVITY MEASUREMENTS OF MICRO-RADIOACTIVE INCLUSIONS 


HERMAN YAGODA 
National Institute of Health, Bethesda, Maryland 


The activity of minute radioactive segregates in polished sections of rocks or micro- 
incinerated biological tissue is determined by counting alpha particle tracks recorded in 
nuclear type emulsions. Precise localization of particular segregates whose area exceeds 
10-4 cm? is established by a double-exposure technique. The track count affords, in cer- 
tain instances, an approximate measure of either the U or Th content. Applications of the 
method in the study of segregates in feldspar, beryl, and other minerals associated with 
radioactive ores will be described. 
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LIST OF FORMER OFFICERS AND MEETING PLACES 


By recommendation of the Council, a complete list of past officers is printed in the 
proceedings of the annual meeting of the Society: 


PRESIDENTS VicE-PRESIDENTS 
1920 Edward H. Kraus Thomas L. Walker 
1921 Charles Palache Waldemar T. Schaller 
1922 Thomas L. Walker Frederick A. Canfield 
1923 Edgar T. Wherry George F. Kunz 
1924 Henry S. Washington Washington A. Roebling 
1925 Arthur S. Eakle Herbert P. Whitlock 
1926 Waldemar T. Schaller George Vaux, Jr. 
1927 Austin F. Rogers George I. English 
1928 Esper S. Larsen Lazard Cahn 
1929 Arthur L. Parsons Edward Wigglesworth 
1930 Herbert E. Merwin John E. Wolff 
1931 Alexander H. Phillips William F. Foshag 
1932 Alexander N. Winchell Joseph L. Gillson 
1933 Herbert P. Whitlock Frank N. Guild 
1934 John E. Wolff William A. Tarr 
1935 Clarence S. Ross Ellis Thomson 
1936 William S. Bayley Harold L. Alling 
1937 Norman L. Bowen H. V. Ellsworth 
1938 Ellis Thomson Kenneth K. Landes 
1939 Max N. Short Burnham S. Colburn 
1940 William F. Foshag Tan Campbell 
1941 Frederick E. Wright William J. McCaughey 
1942 Arthur F. Buddington Martin J. Buerger 
1943 John F. Schairer John W. Gruner 
1944 R. C. Emmons Harry Berman 
1945 Kenneth K. Landes George Tunell 
1946 Paul F. Kerr S. B. Hendricks 
1947 M. J. Buerger Carl Tolman 
1948 M. A. Peacock Adolf Pabst 
SECRETARIES TREASURERS 
1920-1922 Herbert P. Whitlock 1920-1923 Albert B. Peck 
1923-1933 Frank R. Van Horn 1924-1929 Alexander H. Phillips 
1933-1934 Albert B. Peck 1929-1930 Albert B. Peck 
1934-1944 Paul F. Kerr 1931-1940 Waldemar T. Schaller 
1944— C. S. Hurlbut, Jr. 1941— Earl Ingerson 
EpDIToRS 
1920-1921 Edgar T. Wherry 
1922-— Walter F. Hunt 
CoUNCILORS 


1920 Arthur S. Eakle, Frank R. Van Horn, Fred E. Wright, Alexander H. Phillips. 
1921 Frank R. Van Horn, Fred E. Wright, Alexander H. Phillips, Austin F. Rogers. 
1922 Fred E. Wright, Alexander H. Phillips, Austin F. Rogers, Thomas L. Watson. 
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1923 Alexander H. Phillips, Austin F. Rogers, Thomas L. Watson, Esper S. Larsen. 
1924 Austin F. Rogers, Thomas L. Watson, Esper S. Larsen, Arthur L. Parsons. 
1925 Thomas L. Watson, Esper S. Larsen, Arthur L. Parsons, William F. Foshag. 
1926 Esper S. Larsen, Arthur L. Parsons, William F. Foshag, William A. Tarr. 
1927 Arthur L. Parsons, William F. Foshag, William A. Tarr, Alexander N. Winchell. 
1928 William F. Foshag, William A. Tarr, Alexander N. Winchell, Ellis Thomson. 
1929 William A. Tarr, Alexander N. Winchell, Ellis Thomson, Clarence S. Ross. 
1930 Alexander N. Winchell, Ellis Thomson, Clarence S. Ross, Paul F. Kerr. 

1931 Ellis Thomson, Clarence S. Ross, Paul F. Kerr, William S. Bayley. 

1932 Clarence S. Ross, Paul F. Kerr, William S. Bayley, William J. McCaughey. 
1933 Paul F. Kerr, William S. Bayley, William J. McCaughey, Kenneth K. Landes. 
1934 William S. Bayley, William J. McCaughey, Kenneth K. Landes, E. P. Henderson. 
1935 William J. McCaughey, Kenneth K. Landes, E. P. Henderson, J. F. Schairer. 
1936 Kenneth K. Landes, E. P. Henderson, J. F. Schairer, Arthur F. Buddington. 
1937 E. P. Henderson, J. F. Schairer, Arthur F. Buddington, Arthur P. Honess. 
1938 J. F. Schairer, Arthur F. Buddington, Arthur P. Honess, R. C. Emmons. 

1939 Arthur F. Buddington, Arthur P. Honess, R. C. Emmons, Carl Tolman. 

1940 Arthur P. Honess, R. C. Emmons, Carl Tolman, D. Jerome Fisher. 

1941 R. C. Emmons, Carl Tolman, D. Jerome Fisher, Martin A. Peacock. 

1942 Carl Tolman, D. Jerome Fisher, Martin A. Peacock, Adolf Pabst. 

1943 D. Jerome Fisher, Martin A. Peacock, Adolf Pabst, C. S. Hurlbut, Jr. 

1944 Martin A. Peacock, Adolf Pabst, Michael Fleischer, S. J. Shand. 

1945 Adolf Pabst, Michael Fleischer, S. J. Shand, R. E. Grim. 

1946 Michael Fleischer, S. J. Shand, R. E. Grim, Joseph Murdoch. 

1947 S. J. Shand, R. E. Grim, Joseph Murdoch, H. H. Hess. 

1948 R. E. Grim, Joseph Murdoch, H. H. Hess, Clifford Frondel. 


ANNUAL MEETING PLACES 


1920 Chicago, Illinois 1934 Rochester, New York 
1921 Amherst, Massachusetts 1935 New York, N. Y. 

1922 Ann Arbor, Michigan 1936 Cincinnati, Ohio 

1923 Washington, D. C. 1937 Washington, D. C. 
1924 Ithaca, New York 1938 New York, N. Y. 

1925 New Haven, Connecticut 1939 Minneapolis, Minnesota 
1926 Madison, Wisconsin 1940 Austin, Texas 

1927 Cleveland, Ohio 1941 Boston, Massachusetts 
1928 New York, N. Y. 1942 No meeting held 

1929 Washington, D. C. 1943 No meeting held 

1930 Toronto, Canada 1944 No meeting held 

1931 Tulsa, Oklahoma 1945 Pittsburgh, Pennsylvania 
1932 Cambridge, Massachusetts 1946 Chicago, Llinois 

1933 Chicago, Illinois 1947 Ottawa, Canada 


1948 New York, N. Y. 


RECIPIENTS OF THE ROEBLING MEDAL 


Charles Palache, December 1937 Edward H. Kraus, February 1945 
Waldemar T. Schaller, December 1938 Clarence S. Ross, December 1946 
Leonard James Spencer, December 1940 Paul Niggli, December 1947 

Esper S. Larsen, Jr., December 1941 William Lawrence Bragg, November 1948 
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CONFERENCE ON THE TEACHING OF 
CRYSTALLOGRAPHY* 


The following five speakers took part in the Conference covering different phases of 
the teaching of crystallography: J. D. H. Donnay, D. Jerome Fisher, Samuel G. Gordon, 
M. A. Peacock, and George Tunell. Brief abstracts of the papers follow. 


FROM THE LAW OF RATIONALITY TO THE LAW OF BRAVAIS 
J. D. H. Donnay, The Johns Hopkins University, Baltimore, Maryland. 


The Law of Rationality is best introduced in a form that lends itself to direct experi- 
mental check—expressed in terms of direction angles of face normals (rather than inter- 
cepts of faces), since such angles are either measured on the goniometer or calculated from 
measured angles. Take coordinate axes Ox, Oy, Oz, parallel to the three (non-coplanar) 
edges between three suitable faces. Consider a fourth face, intersecting all three axes, and 
let &’, 7’, ¢’ be the angles which its normal makes with the axes Ox, Oy, Oz, respectively. 
Let £, n, ¢ be the direction angles of the normal to any fifth face. The law of observation 
says: ‘‘quotients of corresponding direction cosines are in the ratios of small integers”, or 


cos € cosy cos¢ 


: : = 18/25), (1) 
cos £’ cos7’ cos ¢’ 
where h, k, /, small integers, are the Miller indices of the fifth face. From (1) it appears that 
the indices of the fourth face are (111), hence its name ‘‘unit face.” 

Since the intercepts of a plane and the direction cosines of its normal are inversely 
proportional (a theorem easy to prove), (1) can be written as 


a cos £:b cos n:c cos ¢ = hikil, (2) 


where a, b, c, the unit lengths, are the intercepts of any plane parallel to the unit face. This 
is the “fundamental formula,” the key to all crystallographic calculations, used to deter- 
mine both axial ratios and face indices. 
Likewise (2) becomes 
LTO et 

—:——:— = hkl, 

OH OK OL 
where OH, OK, OL are the intercepts of any plane parallel to the fifth face. This is im- 
mediately rewritten in the familiar form 


o. W 8 
OH:OK:OL = —:—:— 
Pade 1h (3) 
or, reducing to the common denominator and clearing common factors, as 
OH:OK:OL=hl a:lk b:hk c=ea:fb: gc, (4) 


where e, f, g, small integers, are the Weiss coefficients of the fifth face. In ordinary language, 
“any fifth face is parallel to a plane whose intercepts are either simple fractions (relation 3) 
or small multiples (relation 4) of the unit lengths.” 

Construct a lattice on a, b, c, taken as primitive translations. Let OH=ea, OK=f, 
OL=gc. We see from (4) that the fifth face is parallel to a plane HKL passing through 


* Brief abstracts of papers presented at the Conference on the Teaching of Crystallog- 


raphy, 29th Annual Meeting of The Mineralogical Society of America, New York, No- 
vember 12, 1948. 
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three nodes, that is to say, a net plane. Moreover, since e, f, g are small, triangle HKL is 
small (in terms of unit lengths), and a parallelogram HKLM, whose area is twice that of 
triangle HKL, is also small. Points H, K, L, M, are lattice nodes, and parallelogram 
HKLM is either the smallest mesh or a multiple mesh of the net HKL; the smallest mesh, in 
either case, is thus small. Hence, the Law of Rationality can be stated in reticular terms: 
“any face is parallel to a net with small mesh area” or, since mesh area and interplanar 
distance are inversely proportional, ‘‘any face is parallel to a stratification of nets with 
large interplanar distance.” 

The Classical Law of Bravais naturally follows as an additional law of observation: 
“usually the faces actually observed are parallel to nets with largest interplanar distances; 
the larger the interplanar distance, the more frequent (and the larger) the face.” (The 
Generalized Law cannot be introduced at this point, of course, since it requires some 
knowledge of space-group symmetry.) 


CHANGES IN THE OBJECTIVES IN THE TEACHING OF 
MINERALOGICAL CRYSTALLOGRAPHY 


D. JEROME Fisuer, University of Chicago. 


An attempt is made to outline a beginning course covering the basic crystallography 
needed by the modern mineralogist. Assumed prerequisites are one year’s college work of 
good calibre in each of the following subjects mathematics, physics, and chemistry. The 
total time required by the average well-prepared student is taken as 175 hours, subdivided 
as shown in Table 1. 


TaBLE 1. A Basic CouRSE IN MINERALOGICAL CRYSTALLOGRAPHY 


Time in hours 
Per Cent 
‘ Super- 
Subject see) Re- of total 
Class! a eae aapacler? Total time 
tory 
Morphology 6 6 18 30 17 
Crystal Physics® 21 21 63 105 60 
Fracture‘ 1 1 & 5 3 
Isotropics 5 5 15 25 14 
Uniaxials 8 8 24 40 23 
Biaxials 7 7 21 35 20 
trystal Chemistry...) 5 br ee ie Oa psn he Me oreo actA) 
X-ray diffraction® 3 3) 9 15 + 
Chemical crystallography 4 = 16 20 113 
Final examination 3 2 i 5 3 
Total SH 32 106 175 100 


a le ee Ee 
1 Lecture, discussion, quiz and examination. 
2 Unsupervised laboratory, problems, reading; ‘otal time assumed for the course is 
175 hours. 
3 Microscopical crystallography in the main. 
4 Including cleavage, parting, gliding. 
5 Some might prefer to class this under crystal physics. 
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There is no single text-book in English which covers this ground with the distribution 
of space to the various topics like that here called for; see Table 2. The major objective 
of the course is the theory and practice of the determination of the optical constants of 
crushed grains in oils with the aid of the polarizing microscope. 


TABLE 2. SUBDIVISIONS OF SPACE IN MINERALOGY TEXTS 


Subject 
Crystal Crystal Total 
Text Morphology Physics Chemistry* 
Pp. % Pp. % Pp. % Pp. % 

Dana-Hurlbut 65 85 ez 3 7 9 74 97 
Kraus eé¢ al. 88 59 31 21 24 17 143 97 
Rogers 108 55 55 28 27 14 190 97 
Winchell 112 69 34 21 12 i 158 97 
Dana-Ford 168 54 107 35 26 8 301 97 
Bunn? 46 21 57 26 110 50 213 97 
Average®....... Pe iUswoelee baelinn Ce AS rls al, Soo OR a SUB osha 97... 
D.J.F. (time) — 17 — 60 _— 20 = 97 


1 Including X-ray diffraction. 

2 Bunn, C. W., Chemical Crystallography, 1945. This is not a mineralogical text. It is 
relatively weak on crystal chemistry, though strong on x-ray diffraction. Chapters 7, 9, 10, 
and 11 are not counted in the above table. 

3 Excluding Bunn. 


Some idea of the level of instruction may be judged from the final examination. This 
is in two parts, theory and practice. Following is a current theoretical examination (two 
hours). 

N.B.—Notes and books may be used except do not look up the properties of sulfur asked 
for in any book. Give reasoning and show work for all answers. 

Given a crystal of sulfur for which face (221) has phi=50°53’ and rho=80°352’. 
ao= 10.48 A. Indices of refraction are 1.96, 2.04, 2.25 with 2V of 69°. Optic plane is (010) 
and a=alpha. Density is 2.07. Assume cleavage parallel (105). 

(1) Crystal System 

(2) Optic Sign 

(3) Axial ratio 

(4) (a)‘Picture” of interference figure 45° from extinction when lying on cleavage face 

(12.4 microns thick). 
(b) Show how isochromes will move if a quartz wedge (Z lengthwise) is inserted 
from the SE. 

(5S) Extinction angle (and sign) when lying on (221). 

(6) (a) Number of atoms in unit cell. 

(b) Percentage “‘porosity.” 
(c) What can you say of the type of packing? 
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THE ROLE OF THE MUSEUM IN THE TEACHING 
OF CRYSTALLOGRAPHY 


SAMUEL G. Gorpon, The Academy of N tural Sciences of Philadelphia. 


A distinction is made between a public museum, and a museum in a university, where it 
can be a useful adjunct in the teaching of crystallography. A museum exhibit must be 
graded to the experience level of the visitor, and a successful visual demonstration must be 
designed primarily for that purpose. An example is the “What is a Crystal?” exhibit in the 
mineral gallery of the Academy of Natural Sciences of Philadelphia. As any mineral collec- 
tion is essentially an exhibit of crystals, these should be made more understandable to the 
visitor by the use of structure models, particularly those which will serve as a key to the 
classification of the minerals. 

Exhibits should show the fundamental significance of crystallography to the petrog- 
rapher and geologist, for much of what is called geochemistry could better be designated as 
geocrystallography. A mineral may be defined as a naturally occurring symmetrical struc- 
tural arrangement of atoms, whose chemical composition can be expressed by an empirical 
formula to define a species. Mineralogy would then be defined as the study of these natu- 
rally occurring arrangements of atoms, their internal pattern and external forms; the origin 
of the structures; their physical and chemical properties; occurrence; and the effect upon 
them of physical forces and wandering ions. 


THE TEACHING OF MORPHOLOGICAL CRYSTALLOGRAPHY 
M. A. Pracock, University of Toronto, Toronto, Canada. 


Morphological crystallography—the theory underlying the description of crystal form 
—may be taught as an independent subject; but then it is essentially a branch of mathe- 
matics and the interest is apt to lie in mathematical elegance rather than in the forms of 
actual crystals, which the student may see only as represented by models and drawings. 
Conversely, practical crystallography can be undertaken with a minimum preparation in 
crystal geometry; but then the work tends to become a handicraft in which the whole 
interest is in the faithful description of the forms of crystals by measurements, drawings, 
and calculations, and little thought is given to the central problem of crystal form, namely 
the relation of form to other crystal properties, particularly the internal structure. Con- 
current or consecutive work in theory and practice will counter these tendencies, giving the 
student a sound grasp of classical crystallography and a good preparation for the study 
of crystal structure.t 

A course in morphological crystallography may commence with a consideration of the 
crystal lattice—the triperiodic array of structurally identical points in a crystal—which 
was firmly inferred from the Laws of Constant Angles and Simple Rational Intercepts and 
later demonstrated by the diffraction of x-rays. Accepting crystal faces as limiting lattice 
planes, the whole metrical aspect of crystal morphology can be developed from the crystal 
lattice and the auxiliary conception of the reciprocal lattice. The fourteen lattice types and 
the six metrical groups (provisional crystal systems) with their characteristic types of 
elements (axial ratios) may first be derived; the notation for crystal faces and edges is 
easily explained and, with the necessary geometry and trigonometry, their representation 
in stereographic and gnomonic projections is conveniently dealt with; and the derivation 
of cell elements from single-circle and two-circle measurements, and the converse calcula- 


1Jn the course in Mineralogy in the University of Toronto morphological crystallo- 
graphy, crystal measurement, and «-ray crystallography are prescribed in the second, 
third, and fourth undergraduate years, respectively. 
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tion of angles from established elements, can be treated in this sequence. Importance should 
be attached to the choice of the crystal lattice from angular measurements; this should, 
but for the rarest exceptions, correspond to the structural lattice as determined by #-rays. 
It is instructive to make this choice on morphological grounds without reference to the 
réntgenographic findings; and for this purpose the Bravais principle, especially as general- 
ized by Donnay, and its gnomonic expression in the Harmonic-Arithmetic Rule, are effec- 
tive and reliable aids. 

The foregoing work can be developed with little reference to crystal symmetry, which 
can now be studied in a systematic manner, preferably with the use of the Hermann- 
Mauguin notation which requires rotation and rotation-inyersion rather than rotation- 
reflection. Anticipating the needs of structural crystallography the thirty-two crystal 
classes should be rigorously deduced and grouped in the Laue Symmetries, and the possi- 
bilities of electrical polarity and optical activity in each class should be mentioned. At this 
point it would be well to redefine the crystal systems on the basis of symmetry, as seven 
rather than six groups of classes, in which any lattice element may fortuitously take special 
values which are incompatible with the provisional metrical definitions of crystal systems. 
The principles on which the space-groups are built can now be explained and the striking 
influence of glide-planes and screw-axes on crystal morphology, discovered by Donnay and 
Harker, can be illustrated. And finally the common occurrence of metrical pseudo-sym- 
metry in crystals and its intimate relation to crystal twinning, so beautifully developed by 
Friedel, deserves more than passing mention. 

This theoretical work always proceeds from the general to the special—the triclinic to 
the cubic—and consequently the practical work would logically. follow the same course. 
Although contrary to current practice it might prove quite feasible to commence with a 
triclinic crystal and learn the full complexities at the outset. Exercises in the higher sym- 
metries could then be carried through rapidly as relatively easy special cases. 


THE TEACHING OF X-RAY CRYSTALLOGRAPHY 
GrEorRGE TUNELL, University of California, Los Angeles, California. 


Present day students of mineralogy need to learn the use of the x-ray powder diffraction 
method on account of its great utility and ease of application in the identification of crys- 
talline substances. One lecture and one laboratory exercise in the beginning mineralogy 
course should suffice for this purpose. Students of elementary mineralogy also need at least 
an introduction to the structures of some of the commoner minerals in order to gain an 
insight into their chemical constitution and such physical properties as cleavage and re- 
fractive index. 

Most students intending to specialize in mineralogy will wish to learn the methods of 
determining unit cell dimensions (edge lengths and inter-edge angles) by the diffraction of 
essentially monochromatic x-rays by single crystals. The equation existing between the 
unit cell volume, the density, and the chemical composition is an important aid to the 
mineralogist in checking these data, and its application is worthy of emphasis. 

Those students of mineralogy especially interested in crystallography will go on to learn 
the detailed methods of determining the atomic arrangements in crystals by the analyses of 
the intensities of a+ray beams diffracted by’single crystals and by powder specimens. These 
methods involve the use of Fourier series to calculate the distributions of electron densities 
in the unit cells as well as the use of the results of the theory of space groups. The study 
of atomic arrangements is beginning to provide a new quantitative picture of chemical 
bonds as well as of some of the important physical properties. An advanced course devoted 
to these topics will naturally include laboratory exercises with x-ray equipment, the optical 
goniometer, and the petrographic microscope. 
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NOTES AND NEWS 
PSEUDOTACHYLITE OF THE ANTIETAM QUARTZITE 


J. L. ANDERSON, The Johns Hopkins University, Baltimore, Maryland. 


INTRODUCTION 


The material which forms the basis of this paper was first encountered 
by Ernst Cloos during the course of field studies in Frederick County, 
Maryland. The quarry from which the specimens were collected is 
located in the Antietam quartzite approximately 8 miles south of the 
town of Frederick and 3 miles west of Sugar Loaf Mountain on the west 
side of the Monocacy River. The author later accompanied Ernst Cloos 
to the Jocality at which time further studies were made and additional 
material secured. 


GENERAL DESCRIPTION 


The Antietam quartzite of lower Cambrian age is lead gray to brown- 
ish gray in color. In the vicinity of the Monocacy River, the rock shows 
evidence of faulting and is cut by numerous veins which have a preferred 
orientation (Fig. 1). These veins, which represent tension cracks, have 
been filled with chlorite, chlorite and quartz, and occasionally with only 
quartz. The majority of them contain chlorite and their dark greenish 
black appearance suggested tachylite veins in the field. The veins vary 
in width from 1 to 1/16 inch (Fig. 2). The small veins are usually elliptical 
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Fic. 1. Relationship of veins and faulting in Antietam quartzite near 
Monocacy River, 8 miles south of Frederick, Md. 


331 


SRW NOTES AND NEWS 


and are usually less than 1 foot in length. Drusy structures have been 
encountered in several instances, with well formed quartz crystals grow- 
ing perpendicular to the vein wall. In the abandoned quarry, on the south 
side of the road near the river, a small fault is present. Bedding dips 70 
degrees to the southeast and is obliquely cut by tension cracks on both 
sides of the fault plane (Fig. 1). 


Fic. 2. Chlorite veins (upper dark area) in Antietam quartzite. 


Microscopic CHARACTERISTICS 


The Antietam quartzite possesses a granoblastic structure and is com- 
posed of subangular grains of quartz with subordinate albite-twinned 
plagioclase and microcline. Blue-green tourmaline, zircon, and biotite 
are accessory minerals. In thin section the rock has a dirty appearance 
and the mineral grains are surrounded by slivers of sericite and chlorite, 
yellow iron oxide, and argillaceous matter. 

Microscopically, the quartzite appears to be relatively undeformed. 
The quartz grains possess a faint undulatory extinction but no suggestion 
of crushing and annealing of the grains was noted. The presence of chlor- 
ite and sericite and the relatively undeformed character of the grains 
suggests that regionally the rock belongs to a low stage of metamorphism. 

In most instances the vein material consists of chlorite with subordi- 
nate quartz. The quartz grains occur as small individuals distributed 
throughout the chlorite but occasionally large masses are present. At 
the boundaries of large masses of chlorite and quartz, chlorite seems to 
filter into the quartz. A rhythmic development of these two minerals 
was also noted, with small worm-like chlorite masses arranged in hex- 
agonal outlines within large quartz grains. Large quartz masses are usu- 
ally highly deformed (Anderson, 1945), the deformation being more pro- 
nounced when chlorite is subordinate in amount (Fig. 3). 
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The beta index of refraction of the vein chlorite is 1.641. The optic 
angle, 2V, is very small and the mineral is negative. The pleochroism is: 
Z = deep yellowish green 
Y = pale yellowish green 
The retardation, measured by means of a Berek compensator, was 
206 my, corresponding to a birefringence of approximately 0.006. Re- 


Fic. 3. Thin section of vein chlorite showing deformed character of large 
quartz and distribution of small quartz. Crossed nicols. 


ferring these data to Winchell’s curves (Winchell, 1933, p. 278) the com- 
position of the vein chlorite is: 

Ferroantigorite (H4Fe;Si209) = 34% 

Daphinite (HyFeAlLSiOs) = 33% 

Antigorite (H4Mg;SizOs) = 11%, 

Amesite (HiMg2Al,SiOg) 16% 


This information indicates that the vein chlorite is of the iron-rich variety. 

Chlorite of the Antietam quartzite was isolated and studied. The beta 
index and birefringence was found to be the same as that of the vein 
chlorite, hence the composition of both is identical. 


CONCLUSIONS 


The composition of the dark colored veins, which represent the filling 
of tension cracks caused by faulting, is essentially chlorite and quartz. 
The term pseudotachylite has been applied in this instance to emphasize 
the resemblance of the vein-filling to that of basaltic glass. Diabase dikes 
are present approximately two miles east of the locality under discussion 
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but no evidence of igneous activity was observed in the immediate vi- 
cinity. The mineral character of the vein-filling and the absence of evi- 
dence of igneous activity does not favor an igneous origin of these veins. 

Shand (1916) has discussed the origin of pseudotachylite of Parijs, 
Orange Free State. Here, granite gneiss is cut by numerous veins of black 
rock which resembles tachylite. It was Shand’s opinion that the pseudo- 
tachylite originates from the granite gneiss through melting “‘caused not 
by shearing but by shock, or, alternatively, by gas-fluxing” (Shand 1916, 
ps 219); 

Pseudotachylites have been reported from Madras, Scotland, and 
Argentina (Shand, p. 209). In every instance, faulting seems to have 
been associated with the development of these rocks and no direct evi- 
dence of igneous activity was present. 

The pseudotachylite of the Antietam quartzite is thought to have 
originated through faulting. The boundaries between the country rock 
and the vein are sharp and microscopically chlorite is usually well de- 
veloped along the contact. The similarity in composition between chlorite 
of the quartzite and that of the vein-filling suggests that the chlorite was 
derived from the quartzite. The rise in temperature due to faulting is 
thought to have caused the migration of ions of chlorite and quartz from 
the quartzite into the tension cracks thus producing small veins re- 
sembling tachylite. Adjustment along these veins after they were filled 
resulted in the deformation of the quartz. 
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A NEW LOCALITY FOR LUDLAMITE* 


JEWEL J. GLAss AND Joun S. Vuay, U.S. Geological Survey, 
Washington, D.C. 


Ludlamite, a hydrous iron phosphate, has been found in the copper- 
cobalt deposits in the Blackbird district, Lemhi County, Idaho. This dis- 
covery of ludlamite establishes a third verified occurrence of this mineral 
in the United States, the first two from New Hampshire were described 
by Wolfe (10, 11). Ludlamite was first discovered at the Wheal Jane 
mine in Cornwall in 1877 (3). Since that time this mineral has been found 
once in Japan (4), once in Colombia (2), and has been reported from 
Bavaria (8) under the name “‘lehnerite,” which has been shown by Ber- 
man (1) to be ludlamite. 

The Blackbird district is in the east-central part of Idaho, about 20 
miles southwest of Salmon, the nearest town of any size. The district is 
accessible by graded dirt and gravel roads from Salmon and Challis. The 
nearest railroad is at Darby, Montana, 105 miles away. 

Ludlamite in the Blackbird district is intimately associated with dark 
blue vivianite crystals, pyrite, quartz, calcite, and siderite. It occurs in 
vugs and in veinlets in the sulfide ore consisting of pyrrhotite, chalcopy- 
rite, pyrite, and cobaltite, along with minor minerals including safflorite, 
tourmaline, apatite, micas, and carbonates. A detailed description of the 
occurrence of the ludlamite is contained in a Strategic Minerals report 
on the district by John S. Vhay (9). 

The ludlamite crystals are pale sea-green, transparent, and are re- 
markably free from inclusions. They are monoclinic basal tablets, with 
prominent c (001) faces, and perfect basal cleavage. The crystals are 
usually about 8 millimeters across, although some of them are 12 milli- 
meters across, and most of them are 4 millimeters thick. When heated 
the ludlamite crystals exfoliate rapidly into thin basal plates, indicating 
a definite lamellar structure. The results of three determinations of 
specific gravity made on the Berman microbalance are G.=3.15, 3.17, 
and 3.18*; anda determination on the same sample made by the Adams- 
Johnston pycnometer method shows G.=3.152. The specific gravity 
value (3.72) in Larsen’s (5) tables, 1921 edition, and copied in the 1934 
edition (6), is a misprint for G.=3.12. (Field’s (3) original work on lud- 
lamite shows G.=3.12). Optically ludlamite is biaxial positive. The 


* Published by permission of the Director, U. S. Geological Survey. 

® Determinations by Geo. Switzer, U. S. National Museum. 

b Determination by J. J. Fahey, U. S. Geological Survey. 

°In the original description of ludlamite by Field (3), Professor Maskelyne of the 
British Museum contributed the crystallographic and optical data, in which he stated that 
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optical axial angle for the Blackbird ludlamite is large, 2V =86°. ZAC is 
large. Y=b. The indices of refraction measured by the immersion method 
in white light are: a= 1.651, 8=1.669, y= 1.690. Optical data are in agree- 
ment with those recorded in the literature, especially for the Palermo 
(New Hampshire) and the Hagendorf (Bavaria) material. 

No quantitative chemical work has been done in the Geological Survey 
on ludlamite from the Blackbird district, but a qualitative spectrographic 
examination® indicates that the mineral is almost a pure iron phosphate. 
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the optical character of ludlamite was negative. However, Maskelyne (7) redetermined the 
optical character of ludlamite on a better crystal of the same material and found that “The 
optical character (of ludlamite) is positive.” | 

4 Examination by K. J. Murata, U. S. Geological Survey. 


PROCEEDINGS OF SOCIETIES 


MINERALOGICAL SOCIETY (LONDON) 


A meeting of the Society was held Thursday, November 25, 1948, in the apartments of 
the Geological Society of London, Burlington House, Piccadilly, W.1 (by kind permission). 
The following papers were presented: 


(1) BARYTE BEARING NODULES FROM THE MrippLe LiAs oF THE East MIDLANDS. 
By Dr. J. H. Taylor. 


In parts of Leicestershire, Rutland and Northamptonshire the margaritatus zone of the 
Middle Lias contains a series of carbonate nodules. Some are of ‘‘cemenistone” type, 
consisting largely of fine-grained calcite, others of ‘‘clay-ironstone” type, in which the 
carbonate is chalybite (containing approximately 80% FeCOs). In their septarian cracks 
the nodules contain widespread baryte, calcite, blende and pyrite. The structure of the 
mineral infillings of these cracks is illustrated and their paragenesis discussed. 


(2) X-RAY STUDIES OF HALLOYSITE AND METAHALLOYSITE. PART I. THE 
STRUCTURE OF METAHALLOYSITE, A RANDOM LAYER STRUCTURE. 


By Dr. G. W. Brindley and Mr. K. Robinson. 


The a-ray powder diagram of metahalloysite consists of basal reflections, 001, and two- 
dimensional diffraction bands, hk. No reflections of type kl occur. The basal reflections 
indicate a layer spacing of 7.2A. The two-dimensional bands are interpreted quantitatively 
by application of Warren’s theory of diffraction by two-dimensional layer structures. The 
results show that the layer has the same structure and dimensions as the layers in other 
kaolin minerals, and that the linear dimensions of the crystalline sheets are of the order of 
150-200A. This appears to be the first quantitative study of such diffraction bands. 


(3) X-RAY STUDIES OF HALLOYSITE AND METAHALLOYSITE. Part II. THE TRANSITION 
OF HALLOYSITE TO METAHALLOYSITE IN RELATION TO RELATIVE HUMIDITY. 


By Dr. G. W. Brindley and Mr. J. Goodyear. 


Two methods are described of determining the interlayer water content of halloysite 
and metahalloysite: (2) a weighing method, (6) an x-ray method, involving the use of the 
Hendricks-Teller theory of reflections by statistical arrangements of kaolin and water 
sheets. It is shown that in atmospheres of controlled humidity the water content of both 
minerals is variable. In the driest atmospheres, the formula of metahalloysite approximates 
to Al,O3: 2SiO2: 24H20. The results are compared with published analyses. 


(4) X-RAY STUDIES OF HALLOYSITE AND METAHALLOYSITE. Parr III. THE EFFECT 
OF TEMPERATURE AND PRESSURE ON THE HALLOYSITE-METAHALLOYSITE TRANSITION. 


By Dr. G. W. Brindley, Mr. K. Robinson and Mr. J. Goodyear. 


The (001) spacing of metahalloysite produced at low temperatures or in dry atmos- 
pheres is of the order of 7.4-7.5A. By heating to 450°C., this spacing is progressively re- 
duced to 7.25A, approximately the value for kaolinite. This is interpreted in terms of the 
expulsion of the residual water layers in the 7.5A-metahalloysite. By application of pres- 
sures up to 75,000 lbs./sq. in., a large measure of dehydration of halloysite is obtained. 
Orientation of the crystallites is produced. Geological implications are considered. 
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(5) CRYSTALLISATION OF BASALTIC MAGMA AS RECORDED BY 
VARIATION OF CRYSTAL-SIZE IN DIKES. 


By Dr. H. G. F. Winkler. (To be taken as read.) 


Across a dike, curves representing the size variation of crystals which have crystallised 
in various temperature ranges, are given. A number of these diagrams constructed for 
different thicknesses of dikes are used for comparison with the graph showing the variation 
of crystal-sizes actually observed in nature. Measurements of the sizes of plagioclase, 
pyroxene and magnetite at various distances from the walls of the Cleveland dike (Great 
Ayton, Yorkshire) have been carried out. The three curves representing crystal-size at 
various distances are characteristically different and can be compared with the constructed 
diagrams and thus interpreted. The characteristic shape of the curves found in the dike is 
explained. Furthermore, it becomes possible to establish the temperature ranges in which 
the three minerals have crystallised in the magma. Taking into account the actual quanti- 
ties of crystallised minerals a table is given showing the temperature ranges and the 
quantities of minerals crystallised in the magma during the cooling process. The results 
are in full accordance with physico-chemical and petrographical studies. 


(Titles and abstracts submitted by G. F. Claringbull, General Secretary) 


NEW MINERAL NAMES 
Merumite 


SMITH BRACEWELL, The geology and mineral resources of British Guiana. Handbook of 
natural resources of British Guiana 1946, Sect. 4, pp. 18-40; through Mineralog. Abs., 10, 
292 (1948). “A new chromium mineral named merumite, found in small quantity in the 
Merume river basin, Mazaruni district, gave SiO: 1.30, TiO» 0.75, Cr2O3 81.30, Al,O; 6.55, 
total iron as Fe,O; 1.58, MnO 0.06, V2.0; 0.15, HxO+ 8.08, H,O— 0.10; sum 99.87%. Sp. 
gr. 4.49.” (This corresponds to 4(Cr,Al)203- 3H20, or perhaps Cr.03:H.0. M.F.) 

Mansfieldite 


Victor T. ALLEN AND JosEepPH J. Fanny, Am. Mineral. 33, 122-134 (1948). 


Loughlinite 
JosepH J. FAHEY AND J. M. Axetrop, Am. Mineral., 33, 195 (1948) (abs.). 


Scorzalite 


W. T. PEcoRA AND J. J. FAHEY, Am. Mineral., 33, 205 (1948) (abs.); Am. Mineral., 34, 
83-93 (1949). 


Souzalite 


W. T. PEecora AND J. J. FAnEy, Am. Mineral., 33, 205 (1948) (abs.); Am. Mineral., 34, 
83-93 (1949). 


WE IR, 
NEW DATA 
Elpasolite 
CLIFFORD FRONDEL, Am. Mineral., 33, 84-87 (1948). 
DISCREDITED MINERALS 
Hagemannite (= Ralstonite + Thomsenolite) 
CLIFFORD FRONDEL, Am. Mineral., 33, 84-87 (1948). 
Amosite (= Actinolite) 
Joun C. Rassitt, Am. Mineral., 33, 263-323 (1948). 
Bidalotite (= Anthophyllite) 
Joun C. Rassirr, Am. Mineral., 33, 263-323 (1948). 
Billietite =(variety of Becquerelite) 
ALFRED SCHOEP AND Sabi Strapvr0T, Am. Mineral., 33, 703-705 (1948). 
Yenerite (=Boulangerite) 
S. C. Rosinson, Am. Mineral., 33, 716-723 (1948). 
Falkmanite (=Boulangerite) 
C. Ropinson, Am. Mineral., 33, 716-723 (1948). ee 
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ANNOUNCEMENT OF THE THIRTIETH ANNUAL MEETING OF THE 
MINERALOGICAL SOCIETY OF AMERICA 


The thirtieth annual meeting of the Society will be held at El Paso, Texas, November 
10-12, 1949, in connection with the sixty-second annual meeting of the Geological Society 
of America. 

Members of the Society who are planning to present papers at the scientific sessions of 
the annual meeting should notify the Secretary in order to receive the proper blanks for 
their abstracts. All abstracts must be in the Secretary’s office by September 1. By ruling of 
the Council only abstracts of papers to be presented orally will be acceptable, and, at the 
discretion of the Program Committee, no author will be allowed more than 15 minutes or 
to present more than one volunteer paper. 

Advance announcement of the annual meeting has already been distributed to mem- 
bers of the Society by the Geological Society of America. Further information regarding 
the meeting will be mailed, with the ballot for officers, in September. 


NOMINATIONS OF OFFICERS FOR 1950 


At its meeting in 1948, the Council nominated the following Fellows as officers of the 
Mineralogical Society of America for the year 1950, to be voted on by the membership at 
the annual election: 
President: George Tunell, University of California at Los Angeles, California. 
Vice-President: Ralph E. Grim, Illinois Geological Survey, Urbana, Illinois. 
Secretary: C. S. Hurlbut, Jr., Harvard University, Cambridge, Massachusetts. 
Treasurer: Earl Ingerson, U. S. Geological Survey, Washington, D. C. 
Editor: Walter F. Hunt, University of Michigan, Ann Arbor, Michigan. 
Councilor (1950-53): E. F. Osborn, School of Mineral Industries, Pennsylvania State Col- 

lege, Pennsylvania. 

NOMINATING COMMITTEE 


The officers and fellows of the Mineralogical Society of America are nominated by the 
Council at its annual meeting. The Council is guided in its choice by recommendations 
made by the Nominating Committee. The members of this committee are listed below so - 
that those wishing to make recommendations for officers and fellows can communicate 
with one of the members. 

Samuel G. Gordon, Chairman, Philadelphia Academy of Natural Sciences, Philadelphia, 

Pennsylvania. 

Leonard G. Berry, Dept. of Mineralogy, Queen’s University, Kingston, Ontario, Canada. 
Harry H. Hess, Dept. of Geology, Princeton University, Princeton, New Jersey. 
Duncan McConnell, Gulf Research & Development Company, P.O. Drawer 2038, Pitts- 
burgh, Pennsylvania. 
Walter H. Newhouse, Dept. of Geology, University of Chicago, Chicago, Illinois. 
C. S. Hurwsut, Jr., Secretary 
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~~~ SELENIUM, ‘Native selenium formed by sublimation of = seleniiiti from Pp 
arsonopyrite~in rocks adjacent to the burning Greta~ Coal Seams at’ Mt. Wingen,Ne' 
South Wales. Black globular masses averaging % to UY” are Epriceis at 10 for #2: z 


just cecsely been issued. Tt lists. new Per is frome dome 
and foréten' sources. Write: for this free catalog today. ~ 


GRAIN-THIN SECTIONS OF MINERALS AND MULTIPLE. : 
ORIENTED SECTIONS 


A valuable new teaching aid for icschets of optical mineralogy - and 
petrography—developed by Rudolf Von -Huene, distributed by Ward’s. 
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